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SYMPOSIUM ON HEMATOLOGY 


THE TECHNIC OF A BLOOD EXAMINATION* 
RvussELL L. Hapex, M.D., CLEVELAND. OHIO 


T MAY not appear to be necessary to preface a series of articles on hematology 
Knowledge of the blood 


with one on the technic¢ of a blood examination. 
the 


dyserasias is dependent. however, on the data obtained from a study of 
blood. The presence of an anemia. leucemia or other blood disease may be sur- 
mised, but no ¢linician would hazard an absolute diagnosis or outline a course of 
treatment without the aid of the laboratory. 

It is important to have at hand as complete laboratory data as possible. and 
still more important to make sure that these findings are absolutely accurate. 
Too often the clinician is called upon to express an opinion based on blood films 
which are poorly made or unsatisfactorily stained. cr on a blood picture for 
which the data is incomplete or evidently inaccurate. The selection of the best 
technical methods is difficult for those who are not constantly studying the 
problems of hematology. 

The above considerations are my excuse for attempting in this article 
uitline a scheme of blood examination and to suggest satisfactory technical 

ethods for the elucidation of the simpler problems of hematology. 

A routine blood count (red and white cell count. hemoglobin estimation and 


+ 
ia) 


differential count) is only a starting point for a more complete blood study and 
should be looked upon largely as a means of determining whether or not a com- 
plete blood study is indicated. In every case of anemia the following examina- 
tions should be done: . 

1. Red corpusele count. 

2. Determination of the muss of packed corpuscles. 

3. Hemoglobin estimation. 


*From Cleveland Clinic. 
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. Caleulation of indices: 
a. Volume index (erythrocyte volume relative to normal) or mean corpuscular volume. 
b. Color index (erythrocyte hemoglobin relative to normal) or mean corpuscular 

hemoglobin content. 
e. Saturation index (concentration of hemoglobin per unit volume of packed cells 
relative to normal) or mean corpuscular hemoglobin concentration. 

. White corpuscle count. 

. Study of stained blood film (size, shape, staining reactions and abnormalities of red 
cells, differential count of white cells, relative number of platelets). 


a o 


7 


. Count of reticulocytes. 

8. Determination of bile pigment content of the plasma. 
These examinations are all necessary and are very easily done. I much 
prefer to make all examinations, except the study of the stained film, on blood 
withdrawn from a vein. The blood film alone is made from a drop of blood ob- 
tained from the ear lobe or the finger tip. A simple method for the entire ex- 














BIOCC BLOOD CONTAINING- 
pSPILLION RED CELLS DER CUP 








WHEN CENTRIFUGED FOR 
1 HOUR 











Fig. 1.—Centrifuge tube used for determination of mass of red blood cells. 


amination is as follows: 20 ¢.e. of blood is withdrawn by means of a syringe, 
and exactly 10 ¢.c. is run into a 12 or 15 ¢.c. centrifuge tube, containing exactly 
2 c.c. of 1.4 per cent sodium oxalate solution. This is mixed by inverting and is 
then spun in a large centrifuge for one hour at 2500 revolutions per minute. 
The remainder of the blood is added to an ounce bottle containing one drop of a 
30 per cent solution of potassium oxalate. The latter specimen is used for the 
red and white cell count and for the hemoglobin determinations. The examina- 
tions are made as indicated below. 

1. Red Cell Count.-—One source of inaccuracy in erythrocyte counts is the 
use of a hypotonic diluting fluid. I prefer to use a 0.9 per cent sodium chloride 
solution as the diluting agent. Accurate erythrocyte counts require much prac- 
tice and experience on the part of the technician. It is absolutely necessary that 
accurately calibrated counting chambers and pipettes be used. These should be 
certified by the United States Bureau of Standards. 
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2. Volume of Packed Red Cells——tThis is read off directly from the tube 
after centrifuging. The volume is recorded as the number of cubic centimeters 
of cells per 100 ¢.c. of blood, and in per cent of normal. The normal is eal- 
culated for each laboratory by determining by means of the centrifuge the num- 
ber of cubie centimeters of packed cells per 100 ¢.c. of blood in normal in- 
dividuals with a red cell count of 5 million cells per ¢.mm. With our present 
apparatus we have found 45 c¢.c. of cells per 100 ¢.c. of blood to be equal to 100 
per cent (Fig. 1). For any given specimen of blood the number of eubie centi- 
meters of packed cells obtained by centrifuging 10 ¢.c. of blood is read off on the 
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; Fig. 2.—Haden-Hausser hemoglobinometer. I. Complete instrument. A, movable car- 
rier; B, comparator slide; C, cover glass; D, reading microscope; H, wedge-shaped channel ; 
F, light shutter. II. Comparator slide. III. Comparator slide with cover glass in metal holder. 


; 
; 
: 
| 


tube and divided by 4.5 ¢.c. (or other figure determined as normal for the 10 e.c. 
of blood). 

3. Hemoglobin Estimation.—Accurate hemoglobin determinations may be 
made quite easily by the oxygen capacity method, using the Van Slyke ap- 
paratus, or by one of the iron methods. Such procedures are not practical, how- 
ever, in routine clinical work. The exact number of grams of hemoglobin present 
in any given blood is of no great clinical importance. It is exceedingly im- 
portant, however, to determine the hemoglobin content relative to normal. This 
can be done simply if a hemoglobinometer reading directly in grams is used for 
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the determination. The new Sahli, the new Dare, the Bausch and Lamb-New- 


comer, the Klett, the old Miescher-vonF leisch!, and the Haden-Hausser* instru- 
ments, all read in grams although no two give the same reading on the same speci- 
men of blood. This makes little difference if every one in his own laboratory de- 
termines for the instrument used the average number of grams of hemoglobin 


per 100 ¢.¢. of blood in normal individuals with a red cell count of 5 million 


The results are then always reported, 


In 


3V 


per ¢.mm., and takes this as 100 per cent. 
not in the absolute number of grams per 100 ¢.c., but in per cent of normal. 
normal individuals the color index is always 1.00 within the limits of error. 
this method the percentage of hemoglobin for a given specimen of blood would 
always be the same in all laboratories although the actual number of grams of 
hemoglobin determined would be different in each. In our laboratories the 
Haden-Hausser hemoglobinometer (Fig. 2) which reads only in grams is used 
routinely and 15.4 grams of hemoglobin is taken as 100 per cent. 

i. Calculation of Indices.——By the methods outlined we are now able to de- 
termine accurately the red cell count and the packed cells in per cent of normal, 
packed cells (normal equals the number of cubic centimeters of packed cells 
found in 100 ¢.c. of normal blood with a red cell count of 5 million) and the 
hemoglobin in per cent of normal hemoglobin (normal equals the number of 
erams of hemoglobin found in 100 ¢.e. of normal blood with a red cell count of 
5 million). Suppose for a given laboratory a specimen of normal blood with a 
red cell count of 5 million per ¢.mm. yields 46 ¢.c. of packed cells per 100 ¢.c. on 
centrifuging with an isotonic anticoagulant for one hour at 2500 revolutions per 
minute, and contains 15 grams of hemoglobin per 100 ¢.c¢., and a specimen of 
anemic blood with a red cell count of 1.5 million yields 18.4 ¢.c. of packed cells, 


and contains 6.0 grams of hemoglobin, then: 
a) The volume index (volume of average cell relative to normal) 


Number of ¢.c. of packed cells found per 100 c¢.e. 





Normal number of ¢.c. of packed cells per 100 ¢.e. 





of the normal blood = 
Number of red cells found 


Normal number of red eells 
46 


46 
=e = ] (0) 


5,000,000 





5,000,000 


of the anemie blood =-——— = 1,33 
1,500,000 


5,000,000 


The mean corpuscular volume® (the volume of the average red corpusele in eubie microns) 
is caleulated by dividing the volume of packed cells per 100 ¢.c. by the number of cells con 
tained in 100 ¢.c. of blood. The result may be calculated in eubie microns by multiplying 


by 2 the volume of packed cells per 100 ¢.c. per 5,000,000 cells. 
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Thus the mean corpuscular volume of the normal blood = 46 x cubie microns; 
18.4 
x 2=61.3 x 2=123 eubie microns. 


of the anemic blood =——— » 
1,500,000 


5,000,000 


(b) The color index (amount of hemoglobin per cell relative to normal) 





Number of grams of hemoglobin found per 100 ¢.c. 


Normal number of grams of hemoglobin 





of the normal blood = 
Number of cells found per ¢.mm. 





Normal number of red cells per ¢.mm. 


15 


= —— ee = 1] (I) 
5,000,000 


5,000,000 
6.0 


15.0 
of the anemic blood =—————— = 1.33 
1,500,000 


5,000,000 


The mean corpuscular hemoglobin® (the hemoglobin content of the average red corpuscle 
in micromicrograms) is calculated by dividing the hemoglobin in grams per 100 ¢.c. of blood 
by the number of cells contained in 100 ¢.¢. of blood. It is simply caleulated in micromicro- 
grams by multiplying by 2 the number of grams of hemoglobin per 100 ¢.c. of blood per 5 mil- 


lion cells. 


Thus the mean corpuscular hemoglobin of the normal blood =15.0 x 2=30  miero- 
6.0 
micrograms of the anemic blood =——— x 2=20 x 2=40 micromicrograms. 
1,500,000 


5,000,000 


(ec) The saturation index (amount of hemoglobin per unit volume of cell relative to 


normal) 
Number of grams of hemoglobin found in 100 ee. 


Normal number of grams of hemoglobin per 100 ec. 








of the normal blood = 
Number of ¢.c. of packed cells found per 100 c.e. 





Normal number of ¢.c. of packed cells per 100 e.e. 
15 


of the anemie blood = 
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The mean corpuscular hemoglobin concentration’ (the concentration of the hemoglobin 
in per cent per unit volume of cells) is caleulated by dividing the number of grams of hemo- 
globin per 100 ¢.c. of blood by the number of cubic centimeters of packed cells per 100 e¢.c. 


15 
Then the mean corpuscular hemoglobin concentration in the normal blood =—=32.6 
46 
6.0 
per cent, in the anemic blood = ———= 32.6 per cent. 
18.4 


The calculation of the different indices is facilitated by the use of a nomogram (Fig. 3). 
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Fig. 3.—Nomogram for calculating indices from red cell count, hemoglobin in per cent of 
normal and packed red cells in per cent of normal, The mean diameter of the red blood cells 


can also be calculated. 


5. White Corpuscle Count.—This is subject to fewer errors and greater 
variation than is the red cell count but should be equally carefully done. 

6. Preparation of Stained Film.—In many laboratories blood films are made 
only on slides. For the study of the morphology of the red cells, for reticulocyte 
counts and for examinations for parasites, such films are satisfactory. For an 
accurate differential count, for determining the relative number of platelets, and 
for studying the morphology of the white cells, films made on cover glasses are 
far preferable. The technic of a blood examination is certainly not mastered 
until one can make satisfactory cover glass preparations. These are easily made 
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if certain precautions are observed. I find no difficulty in having the best of 
preparations made by efficient technicians. 

The most satisfactory cover glasses are No. 2, } inch square of good manu- 
facture. They must be absolutely clean and free from dust. Some cleaning 
solution such as a concentrated acid or bichromate acid mixture is often em- 
ployed. The best method of cleaning is to scrub them with some grit-free scour- 
ing powder such as Dutch Cleanser. The hands are thoroughly washed, a num- 
ber of cover glasses placed in the palm of one and the scouring powder and a 





Luss 


‘ 
i 
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Fig. 4.—The preparation of blood films by the cover glass method. A, a cover glass 
(% inch square No. 2) is grasped at the adjacent corners with the thumb and forefinger of each 
hand; B, the drop of blood is touched with the cover glass held in the right hand; C, the cover 
glass carrying the drop of blood is quickly placed parallel on the cover glass held in the left 
hand; D, cover glasses are then drawn apart with a sliding motion, care being taken to keep 
them parallel. The films are allowed to dry in air and are then ready for staining. The drop 
of blood must be globoid on the finger tip and just large enough to cover the cover glass when 
properly spread. (From Haden—Clinical Laboratory Methods.) 





small amount of water added. The glasses are then well scrubbed with the palm 
st of the other hand using a rotary motion. They are rinsed with distilled water, 
placed in aleohol, dried with a clean, lint-free cloth, and stored in boxes. Just 
before use they are brushed off with a camel’s hair brush and placed on edge in 
a block of wood or in the top of a box. We usually make a number of slits in the 
top of a 20 ¢.c. syringe box and keep in the box an automatic lancet, the box of 
cleaned cover glasses, a camel’s hair brush, cotton gauze and a small bottle of 
alcohol, thus providing everything needed for making blood films. 
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In making the films, a clean and dust-free cover glass is grasped at the 
adjacent corners with the thumb and forefinger of each hand and the drop of 
blood on the finger tip is touched with the cover glass held in the right hand 
(Fig. 4). The cover glass carrying the drop of blood is quickly pressed parallel 
to the cover glass held in the left hand. The blood spreads by capillary attrac- 
tion. As the spread is completed the cover glasses are drawn apart with a slid- 
ing motion, care being taken to keep them parallel. The films are allowed to dry 
in air and are then ready for staining. The finger is punctured with an auto- 
matie lancet since the depth of the puncture wound can be regulated best in 
this manner. The drop of blood must be globoid on the finger tip and just 
large enough to cover the cover glass when properly spread. 

Staining the Blood Film.—tThe films are best stained on a small stand made 
by nailing a row of corks to a wood block (Fig. 5). Wright’s stain is the most 
satisfactory one for routine use. Only chemically pure, acetone-free methyl 
alcohol such as Merek’s Blue Label should be employed in making the staining 
solution. Cover the blood film with about 10 drops of stain and after one minute 
add an equal number of drops of distilled water. Very often preparations 
made in this manner are too blue due to an excess of alkali in the stain. The 










































Convenient stand for staining blood films made on cover glasses. (From Haden— 
Clinical Laboratory Methods.) 


simplest way to correct an excess of alkalinity is by adding a phosphate buffer 
solution. The optimum amount of buffer solution to be added must be determined 
by trial. Usually the most satisfactory stains are made by adding 3 drops of a 
phosphate buffer solution with a Py equal to 6.4 and 8 to 10 drops of distilled 
water. If the staining solution is very alkaline, only the buffer solution is used. 
Let stand for four to five minutes. The phosphate buffer solution with Py equal 
to 6.4 is made as follows. 


Primary potassium phosphate (KH, PO,) 6.63 gm. 
Anhydrous secondary sodium phosphate (Na, H PO,) 2.56 gm. 


Distilled water to make 1000.00 ¢.e. 







The stained films are mounted film side down in neutral gum damar solu- 
tion. <A rather thin solution of gum damar in chemically pure zylol is made, 
calcium carbonate is thoroughly mixed with it and the solution placed in the* 
window in the sunlight for several weeks. After the calcium earbonate has 
completely settled out, the solution is poured off and placed in a warm place 
until it has evaporated to the proper consistency. The gum damar thus made is 
neutral, does not darken with age, and does not cause fading of the stain. 

7. Count of Reticulocytes—The reticulocytes may be stained with brilliant 
eresyl blue in a number of different ways. Often a film of cresyl blue is pre- 
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pared on cover glasses and the blood film made on this. We prefer the follow- 
ing technic. A drop of a saturated solution of brilliant cresyl blue in aleoho! is 
placed on a porcelain drop plate (Fig. 6) and allowed to evaporate to dryness. 
One drop of the blood taken from the centrifuge tube prepared for the de- 
termination of the red cell volume is mixed with the stain. This is taken up 
with a pipette. Films are prepared on cover glasses and counterstained with 
Wright’s stain. 

If only a reticulocyte count is to be made, a drop of blood from the finger 
tip is taken up with a eapillary, mixed with the dried stain in the drop plate, 
and blood films made from the mixture. 


4 


OO 
OOOO) 


Fig. 6.—Porcelain mixing plate for use in blood grouping. 
Blood and Urine Chemistry.) 








=) 




















(From Gradwohl and Blaivas— 


8. Determinations of Bile Pigment Content of the Blood Plasma—tThe bile 
pigments are easily and satisfactorily estimated as the icterus index. I use the 
method suggested by Murphy.‘ For the color comparison, a series of standards 
are prepared from various dilutions made from a 1: 100 solution of potassium 
bichromate to correspond with varying icterus index figures as shown in Table I. 


TABLE I 





DILUTION CORRESPONDING ICTERUS INDEX DILUTION CORRESPONDING ICTERUS INDEX 








2500 20 
7400 25 
:200 50 
2133 75 
100 100 


10,000 
:5,000 
i 22,000 
21,000 
1:666 


bo ke 


Cr~m ur 


— 





The solutions are kept in a rack in small test tubes 10 mm. in diameter 
(Fig. 7). One or two eubie centimeters of the supernatant plasma is pipetted 
from the centrifuge tube after spinning into a similar test tube and compared 
with the bichromate standards. The figure corresponding to the dilution which 
matches the serum is the icterus index of the serum. A correction is made for 
the dilution with oxalate. The normal icterus index is 4 to 6. To avoid clouding, 
blood should be taken when the patient is fasting. In preparing the dilutions 
of potassium bichromate, 2 drops of concentrated sulphuric acid should be added 
to each 500 ¢.c. to prevent fading. 
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To Recapitulate-—Twenty cubie centimeters of blood have been taken from 


the patient’s vein and blood films have been made from the finger tip. Ten 
cubic centimeters of blood have been mixed with isotonic sodium oxalate. Be- 
fore centrifuging, films for a count of the reticulocytes have been made from a 
drop of the oxalated blood. After centrifuging, the volume of red cells has been 
read off and the icterus index has been determined on the supernatant plasma. 


Red cell and white cell counts have been made on the specimen to which a drop 
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_ Fig. 8.—A diagram to illustrate different types of nuclei in polymorphonuclear neutro- 
philic cells. 1, polymorphonuclear with nucleus of five lobes connected by thick bands of nuclear 
tissue. The nucleus shows five distinct masses but since the connecting threads are thick, the 
cell is designated nonfilamented. 2, 3, 4, 5, polymorphonuclears in which two or more lobes are 
connected only by a filament. These four cells are all designated ‘“‘filamented” polymorphonu- 
clears. B, 1, 2, 3, 4, 5, nonfilamented polymorphonuclears. In each cell the lobes of ‘the nucleus 
are connected by thick threads. C, 1, 2, 3, 4, 5, filamented polymorphonuclears. In each cell 
two or more lobes are connected only by a filament of nuclear tissue. (Adapted from Cooke and 


Ponder’s—The Polynuclear Count.) 
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of potassium oxalate has been added. The blood film has been stained and ex- 
amined and the indices have been calculated from the data obtained above. A 
complete examination has thus been made with a minimum expenditure of 
time and trouble. Tests other than those outlined above may be indicated. The 
more common one of definite value is a special study of white cells. 

a. For Maturity: Numerous classifications to indicate the maturity of the 
polymorphonuclear cells, based on a study of the nucleus have been suggested 
(Arneth, Schilling, Cooke and Ponder, Pons and Krumbhaar). In my opinion 
the most satisfactory and practical classification is the separation of the poly- 
morphonuclear neutrophiles into two groups, filamented and nonfilamented, as 
suggested by Farley, St. Clair and Reisinger.® Such counts ean be made only 
on well prepared and properly stained blood films on cover glasses. One hun- 
dred polymorphonuclear neutrophiles are counted. Cells in which the lobes of 
the nucleus are connected only by a thin strand or filament of nuclear material 
are counted as filamented cells. If there is any band of nuclear material except 
this chromatin filament connecting different parts of the nucleus, such a cell is 
counted as nonfilamented (Fig. 8). If 100 polymorphonuclear cells are counted 
not more than 25 per cent should be nonfilamented. If only 100 white cells of 
all types are counted not over 16 per cent of the neutrophiles should be 
nonfilamented. 

Any irregularity in size and staining reactions of the granules should be 
noted, since such changes are a good index of the degree of toxicity and may be 
equally important as variations in maturing of the nucleus. 

b. For Oxidase Content: This is of value in differentiating cells of the 
lymphocyte and bone marrow series. I think the best method is a slight modifica- 
tion of the Goodpasture® stains. The following stock stain is kept on hand: 


Aleohol, 95 per cent 100.00 ¢.e. 
Sodium nitroprusside 0.05 gm. 
Benzidine, ¢. p. 0.05 gm. 
Basic fuchsin 0.05 gm. 


The sodium nitroprusside is dissolved in 1 to 2 ¢.c. of water and added to 
the aleohol in which the benzidine and fuchsin have been dissolved. Ten drops 
of the reagent are poured on the blood film, allowed to remain two minutes, and 
then diluted with an equal quantity of phosphate buffer solution (Py = 6.4) con- 
taining 0.5 per cent hydrogen peroxide added just before use. 

e. Jenner-Giemsa Stain for Special Study of Leucocytes: The films stained 
by Wright’s method are satisfactory for most purposes. The Jenner-Giemsa 
stain brings out beautifully the finer details of nuclear and other cell structures. 
In leucemia especially, such preparations are valuable. They are made as 
tollows: 

The cover glass preparation is covered with Jenner’s stain for three minutes, 
and an equal number of drops of distilled water added. After one minute, the 
stain is washed off. The cover glass is then placed with the film down in a watch 
vlass. The Giemsa stain (15 drops of the stock Giemsa solution to 10 ¢.c¢. of dis- 
tilled water) is run into the watch glass from the side and left for from ten to 
fifteen minutes. Wash, dry, and mount in neutral gum damar. 
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SPECIAL EXAMINATIONS INDICATED IN HEMORRHAGIC DISEASES AND OTHER CONDITIONS 


1. Platelet Count.—An excellent idea of the relative number of platelets 
may be gained from an examination of a properly made cover glass preparation. 
[f the number seems diminished a count should be done. The Rees-Ecker method 
is a very satisfactory one. A small amount of diluting fluid (sodium citrate, 
3.8 grams, formalin, 0.2 ¢.c., brilliant cresyl] blue, 0.1 gram, distilled water 
100 ¢.e.) is drawn into the bulb of the diluting pipette to moisten the capillary. 
The blood is then drawn up to the 0.5 mark and the bulb filled with the diluting 
fluid. The counting and ecaleulation is done as for a red cell count. 

2, Determination of Fragility of Erythrocytes—The method described for 


we 


this by Giffin and Sanford’ is a simple and satisfactory one (Fig. 9). Twelve 
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Fig. 9.—Method for determination of fragility of red blood cells. One drop of whole blood is 
added to each tube of hypisotonic solution. (After Giffin and Sanford.) 
Wassermann tubes are set up in a rack and numbered 25 to 14 from left to right. 
with a capillary pipette run into each tube, the number of drops of an ac- 
ceurately made solution of 0.5 per cent sodium chloride being indicated by the 
figure on the tube. Distilled water is added by means of the same pipette to 
make the total number of drops of an accurately made solution of 0.5 per cent 
sodium chloride indicated by the figure on the tube. Distilled water is added 
with the same pipette to bring the total number of drops in each tube up to 25. 
Blood is withdrawn from a vein by means of a dry sterile syringe and one dro) 
run into each tube. The tubes are allowed to stand at room temperature for one 
hour or more. The dilution in which there is just a slight tingeing of the super- 
natant fluid due to laking of a few of the least resistant corpuscles is noted as 
the point of initial hemolysis. Reading from left to right, complete hemolysis 
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is indicated in the first tube in which no corpuscular residue is evident by shak- 
ing the tube. 

The percentage of sodium chloride in any tube is caleulated by multiplying 
the number on the tube by 0.02. Normal blood shows intense hemolysis in 0.42 
or 0.38 per cent sodium chloride solution, and complete hemolysis in 0.36 to 0.32 


per cent. 

3. Determination of Coagulation Time.—-It is a waste of time to determine 
the coagulation time on a drop of blood obtained by piercing the skin. The 
method suggested by Lee and White® is a satisfactory one for clinical use. Blood 
is withdrawn from a vein with a syringe in which the space between the end of 
the plunger and the needle is filled with salt solution, and one eubie centimeter 
is run into each of 3 small Wassermann tubes 8 mm. in diameter. The tubes 
should be serupulously clean and washed with salt solution just before use. 
After standing for three minutes a tube is rotated endwise every thirty seconds, 
and that point at which the blood no longer flows from its position but maintains 
its surface contour when inverted, is taken as the end point. Normal blood 
coagulates by this method in five to eight minutes. 

i. Bleeding Time.—-This is easily and quickly done by the method of Duke.® 

The blood report form is a convenient one on which to report the resuits of 
the examination. 

3LOOD REPORT 
Name: Date: 
Case No: Service: 


1. RED BLOOD CELLS: 
. Number per ¢.mm.— 
2. Size in stained preparation— 
3. Shape in stained preparation— 
. Color in stained preparation— 
. Regeneration forms: 
(a) Nucleated red cells— 
(b) Basophilia: punctate or diffuse— 
(ec) Nuelear particles 
. Fragility: hemolysis begins in %: complete in 
sodium chloride (normal ) 





. Reticulocyte count— 
2 VOL UME OF PACKED RED BLOOD CELLS % of normal ( e.c. per 100 ¢.c.) 
3. VOLUME INDEX (Mean corpuscular volume = cubie microns) 

. HEMOGLOBIN % of normal ( gm. per 100 ¢.c. with hemoglobinometer ) 
. COLOR INDEX (Mean corpuscular hemoglobin = micromicrograms ) 
SATURATION INDEX (Mean corpuscular hemoglobin concentration = 

per cent) 
. WHITE BLOOD CELLS: 
1. Number per ¢. mm.— 
2. Differential count: 
Neutrophiles— %  Eosinophiles— %  Basophiles— 
Lymphocytes— % Monocytes— % 
Nonfilamented neutrophiles— % (normal 6-16%) 
3. Presence of abnormal forms: 
(a) Myeloeytes— (ec) Lymphoblasts 
(b) Myeloblasts— (d) Fragile leucocytes 
(e) Toxie neutrophiles 
BILE PIGMENTS IN PLASMA: 
(a) Ieterus index (Normal 4 to 6) 
(b) Units (van den Bergh) per 100 e.e. (Normal 0.5 to 2 units) 
9, PLATELETS per ¢.mm. 
“OAGULATION TIME method ) 
- REMARKS 
“. LABORATORY DIAGNOSIS: 





Name of Examiner 
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THE LABORATORY CLASSIFICATION OF ANEMIA ON THE BASIS OF VOLUME AND 
HEMOGLOBIN CONTENT 


The laboratory classification of anemia has always been unsatisfactory. A 
rough differentiation into primary and secondary types is very frequently used. 
The anemias having a color index greater than 1.00 are usually classified as 
primary and those having a color index of 1.00 or less as secondary. Hampson 
and Shackle’ first suggested the classification of anemias on the basis of cell 
size, using the terms ‘‘megalocytic’’ and ‘‘nonmegalocytic.’’ Wintrobe™ sug- 
gested four groups: (1) macrocytie, (2) normocytic, (3) simple microcytic, and 
(4) hypochromie. Certainly the most logical laboratory classification is based 
on all three variants of the erythrocyte, namely, number, size, and hemoglobin 
content. The following terms may well be employed to indicate variations which 
have been observed in these factors. 

( Hypereythemie =red cell count > normal 
Number + Normocythemic=red cell count within normal limits 
| Hypocythemic =red cell count < normal 
( Macrocytie =mean corpuscular volume > normal (VI >» 1.10) 
Normocytie = mean corpuscular volume=normal (VI =0.90-1.10) 
[ Microcytic =mean corpuscular volume < normal (VI < 0.90) 
f Hyperchromie = Mean corpuscular hemoglobin > normal (C I > 1.10) 


Hemoglobin ~ Normochromic = Mean corpuscular hemoglobin=normal (C I=0.90-1.10) 
Content | Hypochromie = Mean corpuscular hemoglobin < normal (C I < 0.90) 


Volume 


All the different types of anemia which may occur from this standpoint are: 
Normocytie and hypochromie 

Microcytie and hypochromiec 

Normoeytie and hypochromic 

Microcytie and hypochromic 


Normocythemie if 


Hypereythemie 


Macrocytie and hyperchromic 
Macrocytie and normochromie 
Macroeytie and hypochromic 
Hypocythemie Normocytie and normochromic 
Normocytie and hypochromic 
Microcytie and hypochromice 
These different types of anemia are illustrated in Chart 1. The circles in- 
dicate relative volume, not diameter, and the intensity of color indicates the 
relative hemoglobin content. A typical example of each type of anemia is given. 
Every anemia should be thought of in terms of number, volume and hemoglobin 
content of the average erythrocyte, and every case should be classified on such 
eriteria. An anemia with a red cell count of 3.50 millions, a volume index of 
0.75 and a color index of 0.65 is reported as a hypocythemic, microcytie and 
hypochromie anemia rather than simply as ‘‘secondary’’ anemia. Likewise an 
anemia with a count of 2 millions and a volume and color index of 1.50 is re- 
corded as hypocythemic, macrocytic and hyperchromic rather than ‘‘ primary.”’ 


SUMMARY 
I have tried to emphasize the need for an accurate and complete examina- 
tion of the blood in studying hemotologie problems. Any clinician who has had 
the opportunity of utilizing such an examination will never be satisfied with any 
other kind. A complete blood study may be made quickly and simply in a well 
equipped laboratory. 
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I have indicated one satisfactory technic for each of the tests suggested, 
although others may be equally satisfactory. One good method should be used 


until it is thoroughly mastered. 
Only with such laboratory data can an accurate knowledge of the blood 





dyserasias be gained. 
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VALUE OF ACCURATELY DETERMINED COLOR, VOLUME AND 
SATURATION INDEXES IN ANEMIAS*{ 


BASED ON A STUDY OF OvER Two HUNDRED PATIENTS 


Epwin E. Oseoop, M.D., Howarp D. Hasxrys, M.D., AND FRANK E. 
TrROTMAN, M.D., PorTLAND, OREGON 


ECENT developments’ in the therapy of anemias have greatly increased 

the importance of accurate differential diagnosis. The value of the color 
index in differentiating between pernicious and other anemias was learned 
long ago; but the use of inaccurate methods and incorrect standards for eal- 
culation have prevented the full realization of its possibilities. The more 
recently introduced volume and saturation indexes have been far less thor- 
oughly studied, but appear to have equal or greater diagnostic value. 

The perfecting of a simple hemoglobin method* * of research accuracy, a 
uniform system of hematologic methods* for use with oxalated venous blood, 
and the establishment of normal standards® ® ** for comparison has made 
possible the present restudy of the value of these indexes in the differential 
diagnosis of anemias. This study has revealed far more diagnostic value for 
these indexes than we had dared to hope. 


REVIEW OF THE LITERATURE 


Apparently Johannes Duncan® (1867) was the first to recognize the possibility of 
variation in size and in hemoglobin content of the red cells in different diseases, thus form- 
ing a clear concept of the information which the color, volume and saturation indexes 
give. although he did not actually determine them. He did demonstrate the relative 
decrease in hemoglobin content and size of the red cells in chlorosis. 

The color index was first caleulated by Hayem19,11 (1878). Leeuwenhoek12 (1673) 
was apparently the first to measure the size of red cells by their diameter, but Welcker13 
(1864) was the first to make clinical application of the method. He demonstrated that 
the blood corpuscles in chlorosis were smaller than normal. 

Sérensen!4 (1876) was apparently the first to point out the fact that the increase in 
size of the red cells is one of the most characteristic features of pernicious anemia, but the 
popular spread of this knowledge was due largely to Paul Ehrlich16 (1880) and to 
Laxche17 (1883). Bleibtreu and Bleibtreu18 (1892) were the first to work out a clinically 
practical method for determining the red cell volume, but did not apply it to hematology. 
Credit for the introduction of the hematocrit for the determination of red cell volume 
belongs to Hedin19 (1890) and Blix, Daland20 (1891), and Gaertner21 (1892). Herz23 
(1893) was the first to use a quantitative expression for the ratio of hemoglobin to cell 
Volume which he called the ‘‘specifiseche Himoglobingehalt.’’ He divided the hemoglobin 
estimation by the total cell volume, thus securing a figure corresponding to the hemoglobin 
index of Whipple and Robscheit-Robbins.3° He had a full understanding of the various 


*From the Departments of Medicine and Biochemistry of the University of Oregon Medical 


School 
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possible relationships between cell count, volume, and hemoglobin content. He reports 


results on several cases. 
By the end of the nineteenth century the color index was in common use and findings 


in different types of anemia had been fairly thoroughly studied. Methods were available 
for the determination of cell volume and diameter and a few students of the anemias knew 
of the more important changes in cell size and hemoglobin content which occur. The volume 
index and saturation index had not been ecaleulated and very few individuals had any clear 
concept of the changes in the red cells which these indexes express. Full reviews of this 
early literature will be found in the monographs of Eichhorst,15 Laache,17 Reinert,22 and in 
the writings of Ehrlich, Lazarus, and Naegeli.24 

In 1901, Capps?5 first reported the method for calculation of the volume index and in 
1903,26 he reported detailed studies on the blood of 175 persons, 10 of whom were normal. 
These studies ineluded hemoglobin estimations by the Fleisch] method, red cell counts, cell 
volume determinations by the hematocrit* method, computation of the average diameter of 
the red cells based on the measurement of 100 cells with the eyepiece micrometer, and the 
calculation of the color and the volume index. Had his methods been as accurate as those 
of today, undoubtedly he would have discovered almost everything that is now known of the 
value of these indexes. The failure to recognize the importance of this work has postponed 
for at least twenty-five years the attainment of the accuracy in diagnosis of anemias which 
a full understanding of his researches makes possible. Notwithstanding the fact that with 
the technie used he could not have obtained full packing of the red cells, that his hemoglobin 
estimations cannot be transformed into absolute values, and that he based his normal stand- 
ards for comparison on the study of only four men and six women, he arrived at the follow- 
ing conclusions, all of which have since been confirmed: 

‘1. The centrifuge accurately determines the mass of red corpuscles, but cannot be 
relied upon to estimate the number of cells, because the volume of the cell undergoes varia- 
tions in disease. 

‘*2. The volume of the individual erythrocyte is best obtained by using the centrifuge 
in conjunction with the hemacytometer. Volume Index is an expression used to designate 
the volume of the erythrocyte relative to the normal. Measurement of diameters for the 
determinution of cell size is of limited value and often misleading, especially when poikilo- 
cytosis is present. 

**3. The cell volume is inviriably increased in pernicious anemia and usually more so 
than the Hb content of the cell. This heightened volume index is a more constant and trust- 
worthy sign of pernicious anemia than the increased color index. The polychromemia in 
pernicious anemia is due to an increase in cell volume and not to an increased affinity of the 
protoplasm for Hb. 

‘5. In a large proportion of chloroties the cell volume suffers as well as the Hb, al- 
though always to a less extent. The volume index is of great significance in prognosis. . . . 

‘*7, The Hb content of a normal erythrocyte, as indicated by a color and volume index 
of 1.00, represents the point of saturation of the protoplasm. When, therefore, the color 
index rises above 1.00, we assume that a corresponding increase has taken place in the cell 
volume (except in jaundice, where the color test is unreliable). Supersaturation of cell 
protoplasm with Hb probably does not occur. On the other hand, the cell may lose Hb with- 
out necessarily losing in volume. 

**8. Cell volume seems to be chiefly altered by influences affecting cell growth or de- 
generation. The large erythrocytes of pernicious anemia are probably young cells. Small 
cells may result from a malnutrition of the bone marrow, as in chlorosis, or from an actual 
degeneration, as in sepsis. 

**9. The cell volume suffers remarkably little change from osmotic influences according 
to my observations. Dropsy, cyanosis, the hydremia following acute hemorrhage, and jaundice 
(with some exceptions) do not materially alter the volume of the cells.’’ 

His data permit many conclusions which he did not report. 


*He centrifugated at 10,000 revolutions per minute for three minutes, relying only on 
speed of manipulation to secure packing of the cells befcre clotting occurred. 
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Wroth27 (1907) studied eleven cases of anemia, but added nothing to the work of 
Capps. In 1911, Larrabee?’ studied 139 individuals, 21 of whom were normal, but his 
methods were so inaccurate that his results and conclusions are incorrect in many eases. 
Alder29 (1918), using a viscosimetric method for the determination of cell volume, studied 
eleven cases of anemia. He was apparently the first after Herz22 to use a quantitative 
method for expressing the relationship of the hemoglobin to the cell volume, the ratio now 
expressed by the saturation index. He simply divided the hemoglobin percentage by the 
cell volume per 100 ¢.c., considering 2.2 to 2.4 as the limits of normal variation. This ratio 
corresponds to the hemoglobin index of Whipple and Robscheit-Robbins.2° Alder was the 
first to state that red cells tend to approach the spherical form in hemolytic icterus. He 
confirmed Capps’s observation that the concentration of hemoglobin in the red cell is not in- 
creased in pernicious anemia, but that the increased color index is due to the increased 
average cell volume and that the hemoglobin content of the red cell is low in ehlorosis. 

Bénninger?! (1919) was the first to caleulate the saturation index in essentially its 
present form. He called it the Fiarbeindex-Volumen in contradistinetion to the color index 
which he called Farbeindex-Zahl. He gave cell volume figures in terms of cubie micra of the 
average red cell instead of in terms of the volume index, but the latter may readily be 
caleulated from his dati. In a previous paper, he studied results on sixty normal persons 
and he adds twenty in this paper. He was thus the first to study any adequate series of 
normals. His red cell counts and hemoglobin estimations are obviously inaccurate, but his 
cell volume Ceterminations were much better than any previously made. His average figures 
for total volume of packed red cells per 100 ¢.¢. of blood, namely, 44.7 ¢.c. for men and 
41.0 e.c. for women, would stand today. He reports results on 61 patients with various 
diseases, being the first following Capps to give data of clinical value on an extensive series 
of patients. He confirmed most of the statements of Capps and Alder. 

Gram32 (1920) reported very briefly his conclusions from volume index studies on 611 


persons. 


Suzuki33 (1920) and Reich®4 (1921) review and compare methods for the determination 
of cell volume. Reich was also apparently the first to use oxalated blood for hematologic 
study. He reports results, including color and saturation indexes (Firbeindex-Volumen), on 
33 patients with various diseases, 15 of whom he inadvisedly used as normals. His methods 


were so inaccurate, however, that his figures have very little value. 

Csaki?5 (1922; claims work was completed in 1919) was the first to emphasize 
centrifugation to a constant volume rather than for a definite time interval. He calculated 
color, volume and saturation indexes (Farbeindex-Volumen). Had he had an adequate series 
of strict normals for comparison, his results would have been more accurate than those of any 
of his predecessors. Unfortunately, he based his normals on the study of 23 hospital patients. 
He reports results on 47 patients with various diseases and confirms most of the points men- 
tioned by Capps? and Bénninger.*1_ Many of his conclusions do not seem warranted by the 
data presented and have not been borne out by subsequent investigations. 

Carrie Frochlich®6 (1922) reviewed the literature and studied 85 healthy persons and 64 
patients. She published results of color indexes on 65 normals and 28 patients and results 
of color and saturation indexes (Farbeindex-Volumen) together with the average volume of 
one red cell on an additional 20 normals and 36 patients. Her technic, calculations, and 
method of selecting normals were far more satisfactory than those of any of her predecessors. 
Her figures are the first to show that the red cell is slightly larger in women (by 1.3 per 
cent) than in men. 

Rossdale’? (1923) reports results of studies on a few patients using unsatisfactory 
methods. His conclusions are difficult to correlate with his data. 

In 1923, while the present study was in progress, Haden’s?8 work appeared. This 
study was based on 40 normal men, 12 normal women, 20 eases of pernicious anemia, and 
32 patients which he classed as having secondary anemia. His determinations were all done 
on oxalated venous blood and the hemoglobin estimations were far more accurate than those 
of his predecessors. However, he neglected to centrifugate to constant volume, and it has 
sincc been shown that the time and speed of centrifugation which he used are not sufficient 
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for complete packing of the red cells in all eases. Apparently unaware of the previous work 
on the saturation index (Fiarbeindex-Volumen), he coins this term and gives directions for 
ealeulating this index, which Capps?® had so nearly discovered (see paragraph 7 of his con- 
Most of the current interest in the color, volume and saturation 


clusions quoted above). 
indexes dates from this article by Haden. 

Drucker39 (1924) studied the hemoglobin, cell volume, and saturation of the ceil with 
hemoglobin in 270 healthy children and 217 children with various diseases. Unfortunately, 


he did not do red cell counts. 

In 1924, Haden‘ republished his previous results with the addition of 30 cases of 
pernicious anemia and 20 of secondary anemia. 

in 1926, Osgood® suggested a tentative classification of anemias by color, volume and 
saturation indexes, based on the study of the first 63 cases included in the present paper. 
In this classification, the diagnostic value of a lew saturation index in anemias of chronic 
blood loss was first pointed out. 

J¢grgensen and Warburg‘! (1926) give a very valuable review of the literature on the 
size and hemoglobin content of the red cell. They report color, volume and saturation indexes 
with measurement of cell diameter on 7 normal persons and 45 patients. The most complete 


bibliography of this subject yet published is appended. 


TABLE I. 














CELL-VOLUME C.C. PACKED 
RED CELLS | HEMOGLOBIN CELLS PER 100 C.c. 
MILLION PER C.MM. GRAMS PER 100 c.c. OF BLOOD 
RESULTS IN | | RESULTS IN RESULTS IN. 
AVER- | 90 PER CENT| AVER- | 90 PER CENT 90 PER CENT 
AGE |RANGE| OF THE | AGE | RANGE OF THE RANGE| OF THE 
| CASES | | CASES CASES 
| 4.46 | 4.70 | 13.44 14.00 | 36.09 40.10 
to to | 15.80} to to 44.79 | to to 
6.40 6.10 | 20.11 | 18.00 51.87 48.97 
4.14 4.30 10.98} 12.00 | 35.32| 37.20 
to to | 13.70} to | to 41.00} to to 
5.55 5.30 16.49 | 15.50 | 45.89 | 45.00 























Greppit2 (1927) reports color and volume indexes, together with total blood and 
plasma volume determinations, on 6 patients with pernicious anemia and 12 patients with 
secondary anemia. 

Cameron* (1928) reports color and volume indexes and grams of hemoglobin per 100 
e.c. of packed cells on 10 normal persons, 10 cases of pernicious anemia, and 25 other patients, 
drawing the conclusion that ‘‘in pernicious anemia the hemoglobin content of a given volume 
of red blood corpuscles is invariably above the average normal value, and usually much above 
this value.’’ This statement is directly contrary to the statement of Capps, Haden, and others 
that supersaturation of the cell with hemoglobin does not occur. 

Some time after the first presentationt* (July, 1929) of the data and conclusions in- 
eluded in this paper, Wintrobe+5, 46 (May, 1930) published preliminary reports of studies on 
140 patients with anemia. He* suggests a classification very similar to that previously sug- 
gested by one of us5 (1926). 


SELECTION OF SUBJECTS 


More than 200 patients* were selected for study because they had been 
diagnosed as anemic by some one. Time did not permit the study of all such 
patients available during the seven years over which this research extended, 


*These were from the Multnomah County Hospital and from the private practices of Drs. 
Harold C. Bean, I. C. Brill, N. W. Jones, Laurence Selling, and others. 





COLOR, VOLUME AND SATURATION INDEXES IN ANEMIAS 863 


so our figures have no value for a determination of the relative frequencies 
of different types of anemia. 

All eases were discarded from this series in which an almost certainly 
complete and correct diagnosis was not ultimately made by criteria other 
than the color, volume and saturation indexes and agreed to by other physi- 
cians seeing the case. This left a group of 167 examinations on 144 cases 
which will be discussed in detail. 


METHODS* 


The clinical examinations were carefully checked by one of the authors. 
Oxalated venous blood was used for the hematologic methods.* Gastric con- 
tents analyses, stool examinations, and uranalyses including tests for uro- 
bilinogen, were done in almost all cases. 

Red cell counts were made with research accuracy, using Toisson’s dilut- 
ing fluid and Bureau of Standards apparatus. The counts reported are the 


NORMALS 











COEFFICENTS| «INDEXES 





HEMO-| 
GLO- | VOL- 
BIN | UME VOLUME SATURATION 
RESULTS IN RESULTS IN RESULTS IN 
AVER- | AVER- 90 PER CENT 90 PER CENT . 90 PER CENT 
AGE | AGE RANGE} OF THE OF THE RANGE| OF THE 
CASES CASES CASES 
| 0.84 0.90 0.78 | 0.90 0.90 0.90 
14.66 | 40.70 J to to to P to to 
1.21 1.13 ; 1.08 1.23 1.10 

| 0.83 0.90 , 0.90 0.87 0.90 


14.34] 42.83 J to to J to J to to 
1.19 1.10 , 1.10 1.16 1.10 















































average of two or more dilutions agreeing within 100,000. Hemoglobin esti- 
mations were made by the Osgood-Haskins method.” * Cell volume determi- 
nations** were made by the method* previously described by us. Centrifuga- 
tion was earried out until the cell volume remained constant, a precaution 
which has been neglected by many other workers. <A correction of 3.5 per 
cent of the volume of the packed red cells must be added if it is desired to 
compare the results with those in which an isotonic anticoagulant was used. 

Control study showed each of these three methods to have limits of error of 

plus or minus 2 per cent. 

Calculation of Indexes—The normal standards (Table I) used were de- 
termined by the authors on 196+ healthy young men® and 106+ healthy young 
; *All details of the methods used may be found by reference to the Textbook of Laboratory 
i pl Edwin E. Osgvod and Howard D. Haskins. P. Blakiston’s Son & Co., Inc., 

A.aelipnia, 

a **We consider that Ponder’s® study of our method of determining cell volume is a con- 
rmation of its accuracy as his average on ten cases differs from our average on 153 cases 
y less than twice the probable error of his results. 

Haden® in his recent excellent review of red cell volume determinations in man now 
heosnizes the importance of centrifugation to constant volume, but criticizes the use of a 
ype rtonic anticoagulant. The justice of this criticism is recognized, but we think that the 
advantages! far outweigh the disadvantages. 

*Since the original papers were published, hematologic studies of fifty-nine healthy men 


and six healthy women have been added to the series without significantly changing any of the 
figures reported. 
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women,® using the same technic and apparatus as that used in the present 
research. Our standards have been shown’ * to agree closely with the aver- 
ages of all reliable studies made to date. 
The indexes were calculated as follows: 
Color Index = Per cent Hemoglobin, when the hemoglobin coefficient* 
Per cent Red Cells 
for normal persons (for men, 14.7; for women, 14.3) of the patient’s sex and 
age group is taken as 100 per cent hemoglobin and when 5 million per ¢.mm. 
is taken as 100 per cent red cells. It expresses the ratio of the hemoglobin 
per unit number of cells in the patient’s blood to the average hemoglobin per 
unit number of cells in the blood of normal persons of the patient’s sex and 





age group. 

Volume Index = Per cent Cell Volume, when the volume coefficient** 
Per cent Red Cells 

for normal persons (for men, 41; for women, 43) of the patient’s sex and age 

group is taken as 100 per cent cell volume and when 5 million per ¢.mm. 

is taken as 100 per cent red cells. It expresses the ratio of the mean size of 

the cells in the blood examined to the mean size of the cells in the average 

blood of normal individuals of the patient’s sex and age group. 

Saturation Index == Per cent Hemoglobin, when the hemoglobin coeffi- 

Per cent Volume 
cient and the volume coefficient for normal persons of the patient’s sex and 
age group are taken as 100 per cent hemoglobin and cell volume, respectively. 
It expresses the ratio between the hemoglobin per unit volume of cells in the 
blood examined and the average hemoglobin per unit volume of cells in the 
blood of healthy persons of the same sex and age group. 

In the present study all caleulations were made with five place logarithms, 
but for clinical use a table and a chart** have been prepared which greatly 
simplify these calculations. 

A smear stained with Wright’s stain was studied and saved for reference 
in each ease. Other hematologic studies such as white and differential cell 
counts, icterus index determinations, platelet and reticulocyte counts, fragility 
tests, peroxidase stains, ete., were made as indicated. Whenever possible, an 
autopsy was performed on those patients who died. 








RESULTS 


Untreated Pernicious Anemia.—In Table II are shown the results of 43 
blood examinations on 37 cases (20 men and 17 women) of untreated per- 
nicious anemia. Patients 3 and 10 were unusually young for pernicious 
anemia, but in Case 3 the diagnosis was confirmed by necropsy and in Case 
10 the achlorhydria, combined system disease, leucopenia, and normal red 
cell fragility seemed to us sufficient evidence to exclude the former diag- 
nosis of familial hemolytic icterus and to establish the diagnosis of pernicious 
anemia. This patient died, but no necropsy was secured. 

A therapeutic test was not applied in most cases because they were studied 
*The hemoglobin coefficient is a term introduced by the authors for “the grams of 
hemoglobin per 100 c.c. of blood calculated to a red cell count of 5 million per c.mm.” 


**The volume coefficient is a term introduced by the authors for the ‘‘volume of packed 
red cells per 100 c.c. of blood calculated to a red cell count of 5 million per c.mm.” 
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before the discovery of ‘‘liver’’ (nuclear) therapy. Free hydrochloric acid 
was not found in the stomach contents of any case reported as pernicious anemia. 

Note, in Table II, the uniformly high color and volume indexes with nor- 
mal saturation indexes. This completely confirms the statement of Capps,”® 
Bonninger,*? Haden,** and others that the fundamental alteration in the red 
cell in pernicious anemia is an increase in size with a corresponding increase 
in hemoglobin content. In no ease is there a true hyperchromia as is claimed 
by Cameron*® and as is stated in most of the older texts. 


TABLE II 
UNTREATED PERNICIOUS ANEMIA 








RED CELL HEMOGLOBIN VOLUME OF 
COUNT, GRAMS CELLS PER VOLUME SATURATION 


MILLIONS ie PER 100 c.c N INDEX 
PER C. MM. CENT 100 c.c. 


0.51 16.6 
0.42 16.7 
0.53 16.8 
0.64 18.5 
0.53 18.5 
0.45 18.9 
1.21 39.9 
0.64 20.9 
0.95 28.6 
1.01 29.5 
1.02 34.7 
0.80 30.1 
1.02 37.2 
1.14 38.8 
1.18 40.2 
1.33 40.7 
1.39 41.9 
1.28 42.8 18.39 
1.26 43.5 18.67 
1.63 43.9 6.06 18.27 
1.32 44.4 6.13 16.00 
1.51 46.4 6.41 17.25 
1.64 48.0 6.62 17.48 
nae 50.7 7.00 19.58 
1.62 52.0 7.18 18.89 
1.99 55.5 7.66 20.81 
1.32 38.9 5.36 14.95 
1.92 60.3 8.31 19.28 
2.13 61.4 8.47 26.89 
2.09 - 64.1 8.85 25.71 
2.66 63.3 8.73 27.52 
2.40 64.9 8.95 26.84 
28 66.5 9.18 27.69 
76 72.0 9.94 32.50 
28 36.3 5.01 13.23 
53 74.0 10.21 32.98 
43 79.5 10.97 32.10 
2.58 80.7 11.14 32.79 
67 2.91 82.0 11.32 33.16 
70 3.21 84.2 11.62 32.23 
66 3.06 88.0 12.14 36.21 
49 3.71 88.7 12.24 39.73 
2.87 81.8 11.29 32.83 
Minimum 16 0.42 16.6 2.29 6.58 
Maximum 78 3.71 88.7 12.24 39.73 
Average 59 1.65 48.9 6.75 19.59 





0.91 
0.90 
0.98 
1.07 
0.91 
0.84 
0.88 
.o§ 1.15 
10.91 , ’ 1.01 
11.34 
14.33 
10.27 
13.00 
13.1) 
14.84 
15.36 
15.89 
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*Diagnosis confirmed by necropsy. 
**100 per cent hemoglobin is equivalent to 13.8 grams per 100 c.c. of blood. 
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Observe that 100 per cent of the diagnoses would have been correctly 
made if both the color and volume indexes were determined and if a result 
of over 1.25 in either were considered diagnostie of pernicious anemia. Only 
one case (35) would have been missed if the volume index alone had been 
used, and only two (28 and 37) if an accurate color index alone had been 
relied on. These facts should be kept in mind for comparison with the clini- 
eal diagnostic average on first examination which will be discussed later. 
The average color index is 1.48 with a range of 1.12 to 2.04. The average 
volume index is 1.47 with a range of 1.17 to 2.43. The average saturation 
index is 0.99, or almost exactly normal, and the range is 0.84 to 1.23 which is 
almost identical with the normal range as shown in Table I. 

Study of the stained smears in some of these cases showed very few 
deviations from the normal, although it is possible that the tedious procedure 
of measuring the diameters of 1000 cells might have led to the diagnosis. 
Megaloblasts and nucleated red cells were found so ineonstantly that it was 
evident that failure to find them cannot be used as evidence against the diag- 
nosis of pernicious anemia. On the other hand, typical megaloblasts were 
found in eases of leucemia, lead poisoning, and carcinoma with metastases to 
the bone marrow, hence they are far from conelusive proof of the presence of 


pernicious anemia even when found. 
It is noteworthy that in the eases (34 to 37) in which the hemoglobin is 
comparatively high, the color and volume indexes are still sufficiently high to 


be of diagnostic value. 


TABLE IIT 
TREATED PERNICIOUS ANEMIA 











RED CELL HEMOGLOBIN ys 
DAYS OF = count. Grams VOLUME OF VOLUME SATURATION 


TREAT- = {ILLIONS wlan PER “100 ¢ 7 INDEX INDEX 
MENT PER C.MM. — 100 c. c. ahaa 





0.80 30. 4.15 10.27 1.50 
3.61 al 10.70 34.13 1.10 


2.43 9.4 10.97 82.10 1.54 
4.02 d. 13.12 41.04 ‘ 1.19 


2.91 , 11.32 33.16 1.389 
3.32 90. 12.42 31.52 1.16 


0.84 5. 3.45 8.81 1.22 
2.58 9. 5.38 17.50 0.79 


1.02 37 2 5.14 13.00 1.55 
3.34 81. 11.18 33.07 . 1.21 
4.54 85.5 11.76 38.61 1.04 
1.33 5.62 15.56 1.41 
2.43 81.: 11.25 30.77 of 1.54 
4.39 13.62 43.08 1.20 


5.01 





*Nuclear extract. 
**Minot-Murphy diet. 
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Treated Pernicious Anemia.—Table III presents results of studies on 8 
cases of pernicious anemia before and after receiving specific treatment. The 
figures in italies are the results before treatment. The first four eases (11, 
33, 34, and 38) were treated with the nuclear extract of Jones, Phillips, Lar- 
sell, and Nokes.** *!. The last four (12, 15, 37, and 39) were treated with the 
liver diet of Minot and Murphy.’ Note that the color and volume indexes return 
to normal after a few weeks on either treatment. No changes as marked as 
these were observed in spontaneous remissions of untreated cases. Knowing 
this, it is necessary to find out whether the patient has been taking such 
therapy before relying on a normal or low color and volume index to exclude 
the diagnosis of pernicious anemia. 

Anemia of Chronic Blood Loss.——Table IV presents results of the study of 
ten cases in which chronic hemorrhage was the only discoverable factor tending 
to produce anemia. Note that there is a marked tendency for all of the in- 
dexes to be low. As will be shown later, this is the only type of anemia, with 
the exception of the chlorotic type, in which the saturation index is low. The 
highest saturation index is 0.91 (Case 45) and this may well have been due 
to the large blood transfusion nine days before. 

In Table V are presented fifteen studies on thirteen cases in which chronic 
hemorrhage was the chief, although probably not the only, factor tending to 
produce anemia. The results are similar to those in Table IV. In only two 
cases is the saturation index well within normal limits and in one of these 
(Case 60) the duration of the bleeding was unknown, while in the other 
(Case 61) the duration was only two months and a second determination a 
week or so later, just after a hysterectomy had been performed, showed a 
decreasing index. This low saturation index occurs so rarely in any other 
type of anemia that, in our opinion, chronic hemorrhage should be considered 
as the most probable cause of any anemia showing a saturation index below 
0.85, until it has been definitely excluded. This is a very important diagnostic 
point, for it is thus possible to reach a correct conclusion the first day the pa- 
tient is seen, even though the bleeding may have stopped previously or though 
several days’ observation may be necessary to detect its source. A high 
saturation index, on the other hand, is a point against an anemia being due 
largely to chronic loss of blood even though bleeding is occurring. The diag- 
nostie value of this index was apparently overlooked prior to the publication 
of our preliminary report,® although it is clearly illustrated in Capps’s article*® 
(see his Table XIV) and also in the resuits of other writers on this subject. 
More recently, Wintrobe** has confirmed this observation. A low icterus index 
was characteristic of this group of cases. 

Anemias Due to Infection.—It has been customary to group these under the 
heading of hemolytic anemias; but it appears to the authors that this is un- 
justifiable, since depression of bone marrow activity by circulating toxin and 
sensitization of red cells to normal blood destroying mechanisms probably 
play a part in the production of these anemias, also. The relative proportion 
0! the anemia due to these different factors undoubtedly varies with different 
Sites and types of infection and with varying virulence of the organism. 
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In Table VI are presented twenty-six studies of twenty-three cases in 
which the anemia was due, as far as could be determined, solely to infection. 
They are arranged by disease groups. The first seven are cases of subacute 
glomerular or chronic diffuse nephritis. Our studies confirm the statements 
of Brown and Roth,** ** namely, that anemia is almost constantly associated 

with this type of nephritis, that its severity runs parallel with the severity 
of the nephritis, and that the nature of the anemia (normal indexes, low 
reticulocyte count and icterus index, absence of urobilinogen in the urine) 
suggests as the chief etiologic factor bone marrow depression rather than 
hemolysis. Our results disagree with those reported by Ashe,** probably be- 
yeause he reports results obtained with the Dare hemoglobinometer which has 
been repeatedly shown to have limits of error exceeding plus or minus 35 per 
cent and thus is worse than valueless for color and saturation index calculations. 

The normal saturation indexes confirm the experimental observations that 
the loss of blood cells in the urine is far too slight (always less than 5 e¢.e., 
usually less than 1 ¢.c., of blood per day) to be a factor in the production of 
the anemia. This anemia in chronic diffuse nephritis is so constant that a 
hematologic study is of great value in the differential diagnosis from hyper- 
tensive cardiovascular renal disease in which anemia rarely occurs. 

The other conditions listed in this table require no special comment ex- 
cept to point out that these diagnoses should always be considered when 
searching for the cause of an anemia associated with normal or low color and 
volume indexes and with a normal saturation index. 

Note that while the color and volume indexes may be either normal or 
low in this group, they never exceed the upper normal limits and that the 
saturation index is consistently normal, only two estimations below 0.85 being 
recorded. 

Table VII shows results on eight cases in which infection was the chief 
factor in the production of the anemia. The results are similar to those in 
the previous table, but the saturation indexes average lower, due to the fact 
that hemorrhage was a complication in four eases. 

Note the frequeney with which elliptical erythrocytes were observed in 
these cases. Case 79 is the same as Adriana N. reported by Hunter and 
Adams.*> They demonstrated similar elliptical cells in members of three 
generations of this same family, some of whom had no anemia. Lawrence” 
had previously reported the finding of elliptical and sickle-shaped erythro- 
cytes in the blood of white persons. A search through our slides revealed 
typical elongated cells in certain cases of almost every type of anemia, hence 
we were forced to agree with Huck” that this is either merely one type of 
poikiloeytosis or, which is more probable, that it is a familial anomaly of red 
cell form which is exaggerated by coexistent anemia but is not a factor in the 
production of that anemia. It is readily differentiated from true sickle-cell 
anemia which occurs only, as far as is known, in the negro race. 

Anemia Associated With Diseases of the Blood-Forming Organs.—Table 
VIII presents results of fourteen studies on twelve cases. Note that, with 
few exceptions, the indexes are normal. In the one case (98) in which the 
color index was high, the white and differential cell count at once gave the 
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differential diagnosis from pernicious anemia. There is some doubt whether 
these indexes are correct as adult standards were used for calculation since 
no satisfactory standards exist for children of this age (six years). In the 
one case (99) in which the saturation index was low, hemorrhage could not 
be excluded. 

Miscellaneous Anemias.—Table IX contains twenty-eight studies on a very 
interesting group of nineteen cases of anemia of several types, the number of 
each type being too small to warrant a separate table. 

The first two cases are the only chlorosis cases that we were able to find 
in a period of seven years. These were mild cases and the findings resemble 
those in the chronic hemorrhage group. In more severe cases Capps,”° Bon- 
ninger*? and others have found still lower color, volume and saturation indexes. 

Malignant tumors (Cases 108 to 113) showed practically normal satura- 
tion indexes in contrast with the low indexes of carcinoma cases with hemor- 
rhage (Table V). Case 111 deserves special mention as it was the only case 
with high indexes (aside from one leucemia) in which the diagnosis of per- 
nicious anemia seemed doubtful. This patient was first seen by Dr. N. W. 
Jones and the diagnosis of multiple myeloma (proved correct at necropsy) 
was made by him, chiefly on the basis of the typical roentgen-ray findings in 
the bones. His laboratory also found a high color and volume index. There 
was nothing in the clinical picture either particularly to suggest or to rule 
out pernicious anemia. Necropsy revealed in addition to the multiple myeloma, 
a marked megaloblastic hyperplasia of the bone marrow, but the spleen was 
not enlarged and showed none of the changes common in pernicious anemia. 
We are undecided as to whether this is a coincidence of multiple myeloma 
and pernicious anemia, which seems very improbable, or whether the blood 
picture of pernicious anemia was produced by the involvement of the bone 
marrow. The latter would seem more probable were it not for the fact that 
the other malignant tumors in which the bone marrow was involved showed 
no elevation of the color and volume indexes. We have been unable to find 
reports of other eases of multiple myeloma in which sufficiently accurate 
hematologie studies were made to form a basis for conclusions. That anemia 
is associated as a rule with multiple myeloma has been shown** repeatedly. 

The mode of production of anemia associated with malignant tumors is un- 
questionably varied and complex. Hemorrhage, bone marrow metastases, 
toxin production (?), and secondary infection may all play a part and the 
cffeets of toxin production and secondary infection may be local blood de- 
struction, generalized hemolysis, or depression of bone marrow function. In 
our experience, hemorrhage and bone marrow metastases are by far the most 
important, since anemia occurs late or not at all in those tumors in which 
these ean be definitely excluded. 

The two eases (114 and 115) of malaria show normal indexes. This 
aerees with the observation of Wintrobe.*® Here the chief factor in the 
p oduetion of the anemia is unquestionably the destruction of red blood cells 
within the blood stream. Similar findings were observed in one case (116) 

lead poisoning and one ease (117) of acetanilid poisoning. The case of 
ad poisoning is noteworthy in that as many as eighteen nucleated red cells, 
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many of them typical megaloblasts, were seen in counting 100 white cells. 
This case would unquestionably have been diagnosed as pernicious anemia 
from a study of the stained smear had the criteria given in most texts been 


used. 

Case 118* had a very interesting polyglandular deficiency in which hypo- 
function of the thyroid and suprarenal glands predominated. The counts 
extend over a period from February, 1925, to November, 1926. Note the very 
severe terminal anemia for which even at postmortem examination no cause 
other than the glandular deficiency could be found. Notwithstanding the 
statements, frequently made, that the anemia of myxedema may simulate that 
of pernicious anemia, her color and volume indexes remained normal through- 
out. This agrees with the observations of MacKenzie.* 

Case 119 is our only ease of pernicious anemia of pregnancy. Note the 
high color and volume indexes. 

Case 120 is probably the first case of sickle-cell anemia in which color, 
volume and saturation indexes have been ecaleulated. However, we had to 
use adult white standards, since those for negro children are not known. It 
seems probable that all the indexes will be normal in sickle-cell anemia if 
calculated from correct standards. 

In the four eases (121 to 124) of acute hemorrhage all the indexes were 
normal. Case 124 is our only case of acute blood loss in a healthy young 
man, and is particularly interesting in that records are available before and 
at intervals after donating 875 c¢.c. of blood. This loss did not reduce the red 
cell count or the hemoglobin below the lower limits of normal (no anemia). All 
blood findings returned to practically their previous level within a month. 

Nonanemic Growp.—There were a large number of cases originally diag- 
nosed as anemia which could not be used in this paper as true anemia eases; 
from these we have selected 20 as being particularly instructive (see Table X). 

We would define anemia as a decrease in either the red cells or hemoglobin 
or both below the lower normal limits for persons of the patient’s sex and age 
group. It is possible that in some of these cases there is a relative decrease as 
compared to the normal level for that particular person (c¢.f., Case 124) but as 
previous determinations on these individuals are lacking, it seems only fair 
to segregate them. This is a precaution which other writers have not observed. 

It is noteworthy that the first eases (125 to 130, inclusive) had been er- 
roneously diagnosed as having pernicious anemia. They will be discussed in 
detail in connection with Table XII. 

The next two patients (131 and 132) had been told within a day or so of 
the date of our study that they had anemia which required treatment. In 
each instance, the basis for the diagnosis of anemia was a Dare hemoglobin 
estimation of 65 per cent. 

Cases 133 and 134 are examples of the condition called by the Germans 
‘*Scheinanimie’’ or ‘‘apparent anemia.’’ They had no symptoms but looked 
so strikingly pale that it was difficult to believe that anemia was absent. 

Cases 135 to 141 are examples of conditions in which anemia sometimes 
occurs, but which, in these instances, show no anemia. In our experience 


*This case is to be reported by Dr. Rush”. 
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anemia is the exception in hypertensive cardiovascular renal disease, infec- 
tious mononucleosis and in tuberculosis which is uncomplicated by hemor- 
rhage or secondary infection. The absence of anemia in infectious mono- 
nucleosis is an important point in differentiating it from acute lymphatic 
leucemia which it may closely resemble in other respects. 

Cases 143 and 144 were examined solely because the mother (Case 71) 
showed numerous elliptical red cells, but their bloods contained only a few 
such cells. 

Pernicious Anemias Clinically Misdiagnosed.—More than these eight cases 
(Table XI) might have been included had we not strictly adhered to our rule 
to diseard all those cases in which a reasonably certain diagnosis was not ulti- 
mately reached by other methods than a study of the color, volume and satu- 
ration index. The color and volume indexes were high in every case at the 
time when the erroneous diagnosis (see last column of the table) was made. 
If the criterion of a color or volume index above 1.25 had been used by the 
clinician, there would not have been this failure of correct diagnosis in 20 per 
cent of the pernicious anemia cases. 

Erroneous Clinical Diagnosis of Pernicious Anemia.—These 13 eases are 
summarized in Table XII. Note that if reliance had been placed on the color 
and volume index, question could have arisen only in Case 70 and in that 
case the indexes do not exceed the highest observed in perfectly healthy per- 
sons. Nevertheless, each of these cases was diagnosed pernicious anemia at 
the time the first recorded studies were made. The correct diagnoses ulti- 
mately reached are noted in the last column. Observe that the conditions 
which are likely to be confused clinically with pernicious anemia are, with the 
exception of carcinoma of the stomach, not those ordinarily mentioned in 
texts as difficult to differentiate. 

Case 92 was demonstrated twice to senior medical students by well-trained 
internists as a typical case of pernicious anemia. Following the detection of 
normal color and volume indexes, positive blood cultures for Streptococcus 
viridans were secured and a postmortem examination revealed a typical sub- 
acute bacterial endocarditis with the rare complication of an abscess in the 
spleen from which Streptococcus viridans was cultured. 

This initial clinical diagnostic error of 13 cases out of a possible 106, or 
12 per cent, is to be contrasted with an error of only two eases (98 and 111), 
or 2 per cent, if both a color and volume index below 1.25 be taken as the 
criterion for excluding the diagnosis of pernicious anemia. Here again this 
series might have been increased by less strict adherence to our rule for dis- 
carding eases. 

DISCUSSION 


It is regretted that opportunity did not present for the study of the anemias 
of sprue, Dibothriocephalus latus infestation, aplasia of the bone marrow, or 
familial hemolytie icterus. It seems, however, definitely established that the 
color and volume indexes may be high in some eases of anemia associated with 
sprue*! or infestation with Dibothriocephalus latus.‘* It has not, however, 
been sufficiently emphasized that the pernicious anemia syndrome is the ex- 
ception rather than the rule in patients harboring the broad tapeworm. 
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It seems certain that the color, volume and saturation indexes are normal in 
true aplastic anemia, although we have studied only one case (not included 
in the series). If Alder’s*® observation that the cell volume (volume index) 
is normal while the cell diameter is decreased in familial hemolytic icterus, 
can be substantiated, this will be one disease in which the tedious determina- 
tion of the average red cell diameter adds to the information secured by the 
easily determined volume index. 

Murphy and Fitzhugh®™ have published data on a considerable number of 
anemias from which the color, volume and saturation indexes may be ealeu- 
lated. Their results agree quite well with those herein reported. The tend- 
ency to a low saturation index in chronic hemorrhage is strikingly demon- 
strated by calculation of these indexes from the data in their table, although 
they do not comment on that fact. The few exceptions are probably due to 
the occasional use of the Dare or Tallqvist hemoglobin methods, although most 
of their data were secured by the use of an accurate method. We heartily 
agree with their conclusion that the determination of cell volume is a more 
simple means of determining the average size of the red cell than is the meas- 
urement of the mean cell diameter. 

We regret that the time and funds available for this study did not seem 
to warrant a determination of the total blood and plasma volumes in each 
ease, as this would have undoubtedly contributed further information of value. 

Criteria for the differential diagnosis of 28 types of anemia based chiefly 
on the other laboratory and clinical studies in this series of cases are sum- 
marized in a table in another article,** together with a discussion of the 
fundamental causes of anemia. 
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SUMMARY 


The literature on the color, volume and saturation indexes is reviewed. 
Detailed results, obtained by methods of research accuracy, are reported for 
hemoglobin, red cell count, cell volume, color index, volume index, and satu- 
ration index on 144 eases of anemia and related conditions. 


CONCLUSIONS 


1. Capps’s work on the color and volume index in anemias has never re- 
ceived the credit it deserves. 

2. Boénninger (1919) was the first to calculate in essentially its present 
form the ratio which is now ealled the saturation index, although Haden 

1923) deserves credit for coining this term and for reawakening interest 
in these indexes in English-speaking countries. 

3. The most characteristic change in pernicious anemia is the pre- 
ponderanee of macrocytes in the blood. This is most easily recognized by 
the volume index determination. 

4. The high color index in pernicious anemia is due to the increase in 
size of the cell, not to increased concentration of hemoglobin within the cell. 
in other words, the saturation index is normal, and true hyperchromia does 
not oceur either in pernicious anemia or in any other condition so far studied. 








884 








the 











cat 






















~ 









10. 





11. 
12. 
13. 








14. 






15. 
16. 








18. 






19. 














tion 





. Minot, G. R., and Murphy, W. P.: 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 






5. If either the color or volume index is above 1.25, the patient, with rare 


exceptions, will prove to have pernicious anemia. 


6. Such a high color and volume index constitutes a definite indication for 
administration of ‘‘liver’’ therapy. 
7. A low saturation index, as was first pointed out by one of us in 1926,° 


strongly suggests that the anemia is due to chronic blood loss, and constitutes 
a definite indication for a search for the cause of the bleeding, an effort to 
stop the bleeding, and for the administration of ‘‘iron’’ in large doses. 


8. Anemia is rare in patients having malignant tumors without bone 


marrow metastases, hemorrhage or secondary infection. Hence, the finding 
of anemia in such patients should suggest that one or more of these compli- 


ions has oceurred. 
9. The color, volume, and saturation index determinations are extremely 


valuable aids in the differential diagnosis of anemias. It is necessary to warn, 
however, that they may be not only of no assistance, but actually misleading, 
if they are not determined by accurate methods with controlled technie and 
if the calculations are not based on the correct normal standards now avail- 
able, instead of on the obsolete values still included in most texts.* 


REFERENCES 


Treatment of Pernicious Anemia by a Special Diet, 





J. A. M. A. 87: 471, 1926. 


. Osgood, E. E., and Haskins, H. D.: A New Permanent Standard for Estimation of 


Hemoglobin by the Acid Hematin Method, J. Biol. Chem. 57: 107, 1923. 


. Osgood, E. E., Haskins, H. D., and Trotman, F. E.: <A Simplification of the Osgood- 


Haskins Hemoglobin Method, J. Las. & CLIN. MED. 16: 483, 1931. 


. Osgood, E. E., Haskins, H. D., and Tretman, F. E.: A Uniform System of Hematologic 


Methods for Use With Oxalated Venous Blood, J. Las. & CLIN. Mep. 16: 476, 1931. 


. Osgood, E. E.: Hemoglobin, Color Index, Saturation Index, and Volume Index Standards, 


Areh. Int. Med. 37: 685, 1926. 


3. Osgood, E. E., and Haskins, H. D.: Relation Between Cell Count, Cell Volume, and 


Hemoglobin Content of Venous Blood of Normal Young Women, Arch. Int. Med. 
39: 643, 1927. 


. Wintrobe, M. M., and Miller, M. W.: Normal Blood Determinations in the South, 


Arch. Int. Med. 43: 96, 1929. See also: Wintrobe, M. M.: Hemoglobin Standards 
in Normal Men, Proce. Soc. Exper. Biol. & Med. 26: 848, 1929. 


. Wintrobe, M. M.: Blood of Normal Young Women Residing in a Subtropical Climate, 


Arch. Int. Med. 45: 287, 1930. 


. Dunean, Johannes: Beitriige zur Pathologie und Therapie der Chlorose, Akademie der 


Wissenschaften, Mathematisch Wissenschaftliche Classe 55: 516, 1867. 

Hayem, G.: Recherches sur 1’anatomie normale et pathologique du sang, p. 143, G. 
Masson, Paris, 1878. 

Hayem, G.: Leeons sur les maladies du sang, p. 700, G. Masson, Paris, 1900. 

Van Leeuwenhoek, Antonius: Cited from Jérgensen and Warburg (see 41). 

Welcker, H.: Grésse, Zahl, Volumen, Oberfliiche u. Farbe der Blutkérperchen bei 
Menschen u. Thieren, Ztsehr. f. rat. Med. 20: 258, 1864. 

Sgrensen, S. T.: Underségelser om Antallet af réde og hvide Blodlegemer under 
forskjellige physiologiske og pathologiske Tilstande, Copenhagen, 1876. 

Eichhorst, H.: Die progressive perniziése Aniimie, p. 375, Viet u. Comp., Leipzig, 1878. 

Ehrlich, P.: Ueber Regeneration u. Degeneration der rothen Blutkérperchen bei Aniimien, 
Wien. med. Presse 21: 1124, 1880. 


. Laache, S8.: Die Aniimie, Universitiitsprogramm, p. 276, Malling, Christiania, 1883. 


Bleibtreu, M., and Bleibtreu, L.: Eine Methode zur Bestimmung des Volums der korper- 
lichen Elemente in Blut, Arch. f. d. ges. Physiol. 51: 151, 1892. 

Hedin, S. G.: Der Himatokrit, ein neuer Apparat zur Untersuchung des Blutes, 

Skandinav. Arch. f. Physiol. 2: 134, 1890. 














*We wish to thank Dr. W. P. Holbrook and Dr. J. C. Adams for technical assistanc: 


in the early phases of this work, and Miss Mable M. Wilhelm for_much help in the prepara- 


of the manuscript, 





Sea Se OR OPTS eve as a 













Sr the io. sa ceiealh alte abate amen see ae 





| 


Daas 


Saas tay ae 


nate a De Sa LIER PO 








COLOR, VOLUME AND SATURATION INDEXES IN ANEMIAS 885 


. Daland, J.: Ueber das Volumen der rothen und weissen Blutkérperchen im Blute des 


gesunden und kranken Menschen, Fortschr. d. Med., Berlin 9: 823, 1891. 


. Gaertner, G.: Ueber eine Verbesserung des Haematokrit, Berl. klin. Wehnschr. 36: 


890, 1892. 


22. Reinert, E.: Die Zahlung der Blutkérperchen und deren bedeutung fiir Diagnose und 


Therapie, p. 246, T. C. W. Vogel, Leipzig, 1891. 


23. Herz, M.: Blutkrankheiten, Virchows Arch. f. path. Anat. 133: 339, 1893. 
. Nothnagel, H.: Spezielle Pathologie und Therapie, Vol. 8, by Ehrlich, Lazarus, and 


Naegeli. 


. Capps, J. A.: | The Blood in Anemia, J. A. M. A. 36: 464, 1901. 
. Capps, J. A.: A Study of Volume Index. Observations Upon the Volume of Erythrocytes 


in Various Disease Conditions, J. Med. Research 10: 367, 1903. 


. Wroth, P.: A Note on the Volume and Color Index of the Red Corpuscles, Johns 


Hopkins Hosp. Bull. 18: 59, 1907. 


. Larrabee, R. C.: The Volume Index of the Red Corpuscles, J. Med. Research 24: 15, 


1911. 


. Alder, A.: Viskosimetrische Blutkérperchenvolumenbestimmung Studien iiber Grésse und 


Haemoglobin fiillung der Erythrocyten, Correspondenz Blatt fiir Schweizer Aerzte 
48: 1405, 1918. 


. Whipple, G. H., and Robscheit-Robbins, F. S.: Blood Regeneration in Severe Anemia, 


Am. J. Physiol. 72: 395, 1925. 


. Bonninger, M.: Die Bedeutung des Blutkérperchen volumens fiir die klinische Blutunter- 


suchung, Ztschr. f. klin. Med. 87: 450, 1919. 


2. Gram, H. C.: Volume des Globules du Sang et Rapport de ce volume a 1’hemoglobine 


et au nombre des Cellules, Compt. rend. de la Soc. de Biol. 84: 151, 1920. 


. Suzuki, 8.: Die Nachpriifung der klinische brauchbaren Methoden fiir die Bestimmung 


des Volumens der Formelemente des Blutes, Folia Haem. 26: 1, 1920. 


. Reich, F.: Blutkérperchen volumenbestimmung Haiifigkeit von Mikrocytose bei Tuber- 


kulose, Ztschr. f. klin. Med. 90: 329, 1921. 


. Csaki, L.: Die Volumenmessung der roten Blutkérperchen bei verschiedenen Krankheiten, 


Ztschr. f. klin. Med. 93: 405, 1922. 


3. Froehlich, Carrie: Uber genaues Bestimmung des Firbeindex der roten Blutkérperchen ; 


Farbeindex (Zahl) und Farbeindex (Volumen), Folia Haemat. 27: 109, 1922. 


. Rossdale, G.: Observations With Haematocrit. Volume Colour Index, Quart. J. Med. 


16: 245, 1923. 


. Haden, R. L.: Accurate Criteria for Differentiating Anemias, Arch. Int. Med. 31: 766, 


1923. 


. Drucker, P.: Investigations on the Normal Values for the Hemoglobin and Cell Volume 


in the Small Child, Acta Pediatrica 3: 1, 1924. 


. Haden, R. L.: The Volume Index in the Diagnosis of Pernicious Anemia, J. A. M. A. 


83: 671, 1924. 


. Jorgensen, S., and Warburg, E. J.: Om Erythrocyternes Indices og Diametre og om det 


bedste haemotalogiske Kriterium paa den pernicidse Anaemi; samt en kort historisk 
Redeg¢grelse for Underségelserne over Erytrocyternes Middeldiameter og Indices 
og Megalocytosens Pathogenese ved Anaemia perniciosa, Hospitalstid 69: 865, 889, 
909, 933, 973, 1926. 

Jérgensen, S., and Warburg, E. J.: Indices and Diameters of Erythrocytes and Best 
Hematological Criterion of Pernicious Anemia; Historical Notes and Normal Values, 
Acta Med. Seandinav. 66: 109, 1927. 

J¢érgensen, S., and Warburg, E. J.: Indices and Diameters of Erythrocytes and Best 
Hematological Criterion of Pernicious Anemia; Pathological Cases, Acta med. 
Seandinav. 66: 135, 1927. 


2. Greppi, E.: Lo stato volumetrico del sangue nelle Anemie primitive e secondare. Massa 


di sangue e di plasma. Quantita Totale de Emoglobina, Arch. di pat. e clin. med. 
6: 604, 1927. 


8. Cameron, A. T.: Studies in Pernicious Anemia. IV. The Relationship Between Cor- 


puscular Hemoglobin and Chloride Contents in the Anemias, Canad. M. A. J. 18: 
673, 1928. 


1. Osgood, E. E.: The Diagnostic Value of Color, Volume, and Saturation Indexes in 


Anemias. A paper presented before the Pacific Interurban Clinical Club, Portland, 
Oregon, July 5, 1929. 


5. Wintrobe, M. M.: The Erythrocyte in Man, Medicine 9: 195, 1930. : 
6. Wintrobe, M. M.: Classification of the Anemias on the Basis of Differences in the Size 


and Hemoglobin Content of the Red Corpuscles, Proc. Soc. Exper. Biol. & Med. 27: 
1071, 1930. 

Osgood, E. E.: Tables for Caleulation of Color Index, Volume Index, and Saturation 
Index, Based on Recently Determined Standards, J. Las. & CLin. MED. 12: 899, 1927. 


iS. Ponder, E., and Saslow, G.: The Measurement of Red Cell Volume, J. Physiol. 70: 18, 


1930. 








S86 


49. 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Haden, R. L.: The Technic of Determination of the Relative Mass, the Individual Cell 
Volume, and the Volume Index cf the Erythrocytes of Man, J. Las. & CLIN. MEp. 15: 
736, 1930. 


. Larsell, O., Jones, N. W., Phillips, B. I., and Nokes, H. T.: Hematopoietic Effect of 


Nuclear Extractives in Experimental Anemia and in Human Anemias, J. A. M. A. 
90: 75, 1928. 


. Jones, N. W., Phillips, B. I., Larsell, O., and Nokes, H. T.: The Hemopoietie Effect of 


Nuclear Extractives in Human Anemias, Ann. Int. Med. 2: 603, 1929. 


2. Brown, G. E., and Roth, Grace M.: The Anemia of Chronic Nephritis, Arch. Int. Med. 


-30: 817, 1922. 


. Brown, G. E., and Roth, Grace M.: The Prognostic Value of Anemia in Chronic 


Glomerular Nephritis, J. A. M. A. 81: 1948, 1923. 


54. Ashe, B.: The Hemoglobin Percentage and the Red Blood Cell Count in Bright’s Dis- 


ease, Myocardial Insufficiency and Hypertension, Arch. Int. Med. 44: 506, 1929. 


55. Hunter, W. C., and Adams, R. B.: Hematologic Study of Three Generations of a White 


Family Showing Elliptical Erythrocytes, Ann. Int. Med. 2: 1162, 1929. 


56. Lawrence, J. S.: Elliptical and Sickle-Shaped Erythrocytes in the Circulating Blood of 


White Persons, J. Clin. Invest. 5: 31, 1927. 


. Huck, J. G., and Bigalow, Rena M.: Poikilocytosis in Otherwise Normal Human Blood 


(Elliptical Human Erythrocytes), Bull. Johns Hopkins Hosp. 34: 390, 1923. 


58. Bannick, E. G., and Greene, C. H.: Renal Insufficiency Associated With Bence-Jones 


Proteinuria, Arch. Int. Med. 44: 486, 1929. 


. Rush, H. P.: An Unusual Polyglandular Dystrophy. (Unpublished case.) 

. MacKenzie, G. M.: Anemia in Hypothyroidism, J. A. M. A. 86: 462, 1926. 

. Ashford, B. K.: The Anemias of Sprue, Arch. Int. Med. 45: 647, 1930. 

. Isaacs, R., Sturgis, C. C., and Smith, M.: Tapeworm Anemia, Arch. Int. Med. 42: 313, 


1928. 


3. Osgood, E. E., and Haskins, H. D.: Causes, Classification and Differential Diagnosis of 


Anemias. Ann. Int. Med. 5: 1367, 1932. 


4. Murphy, W. P., and Fitzhugh, G.: Red Blood Cell Size in Anemia: Its Value in Dif- 


ferential Diagnosis, Arch. Int. Med. 46: 440, 1930. 





CURRENT VIEWS ON THE ORIGIN AND MATURATION OF THE CELLS 
OF THE BLOOD* 


CHARLES A. Doan, M.D., Cotumeus, OnI0 


UCH of the accuracy in interpretation of the blood picture in disease is de- 
pendent upon an understanding of the underlying mechanism of hemo- 
poiesis. The many technics, fixed, vital and supravital. which have been de- 
veloped for the study of the cells of the blood, together with data on cell origins 
and differentiation obtained from embryologic and experimental investigations, 
now provide at least a working basis for the approach to the dyserasias involv- 
ing the hemopoietic system. Quite aside from the primary blood diseases, there 
are very few pathologie conditions, with which the body has to deal, in which 
one, or more, of the types of cells represented in the circulating blood is not 
secondarily involved. That these circulating cellular elements may represent 
an important and powerful increment in the defense forces of the body is a fact 
attested by repeated observation. G. Lovell Gulland’ in his Harveian Oration 
on the Cireulating Fluid ‘‘looks forward to the time when the differential count 
will be more important than the auscultation of the heart,’’ but that day will 
come in its fullness only when ‘‘the knowledge to interpret such data properly”’ 
is ours. 

The bone marrow throughout extrauterine life is the natural source of 
erythrocytes, thrombocytes and the three kinds of granulocytes. The phagocytic 
macrophages (clasmatocytes), while always present in marrow, are quite as 
regularly and normally found in spleen, liver, and diffuse connective tissues. 
Their size and ability to arise in situ throughout the body, as the need presents, 
tend to minimize their appearance in the circulation.” * Lymphocytes and mono- 
eytes, the remaining elements, which utilize the vascular bed as an avenue of 
distribution, develop in lymph nodes, spleen, and in the more diffuse lymphoid 
and connective tissues of the body. Hence, hemopoiesis in its broadest sense in- 
volves bone marrow, spleen, lymph nodes, connective tissues and the vascular 
and lymphatie systems. 

Several circumstances have contributed to the confusion, which has existed, 
ai! which still continues to prevail, among hematologists relative to the origins 
and relationships of the cells of the blood. It is agreed that all take their first 
bevinning from the mesenchymal cells of the mesodermal layer in the embryo. 
But thereafter the theories and hypotheses diverge more or less radically, though 
I would venture to assert that the differences arise more in the interpretation 
than in opposing objective observations, where experiments have paralleled in 
materials and methods. In the usual hyperplastic red marrow, where blood 
cells are developing, it is difficult to distinguish the tissue landmarks, which 
Separate and segregate the units comprising different cell strains. This difficulty 
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has been obviated by certain investigators through a study of less complex 
areas, either experimentally produced* * ° or naturally occurring, as in the zone 
between red and yellow marrow, when hemopoiesis is extending.’ Under these 
conditions erythrogenesis may be observed to oceur in foci separate and distinct 
from myelogenic centers, and it is from analyses of such material that we have 
learned most about the relative location, distribution and independent origin 
of erythroeytes and granulocytes. One of the principal difficulties to an unan- 
imous agreement upon these intercellular relationships resides in the fact that 
all of the cells of the blood continue to arise throughout life as primitive, im- 
mature elements incapable of performing their specific functions until after the 
completion of a definite maturation cycle. Most of the criteria characteristic of 
the definitive cells. and which form the basis for morphologie differentiation 
and classification, are elaborated during this maturation period. Hence, the 
earlier preeursors of each strain of cells lack, in direct proportion to their im- 
maturity. clear-cut distinguishing features upon which hematologic investigators 
can agree. Furthermore, the evidence obtained from tissue culture has tended 
to emphasize the importance of environment, and of particular food materials, 
in modifying the morphologic characteristics of cells. This evidence has 
broadened the basis for the concept of cytologic dedifferentiation, and corre- 
spondingly diminished the probability of limited or highly specific potentialities, 
more particularly as applied to the lymphoecyte.* It is not strange, therefore, 
that many students of the subject (Maximow, Downey, Weidenreich, Dan- 
chakoff, Ferrata) have concluded that one primitive, multi- or toto-potential 


lvmphoeyte, or lymphocyte-like stem cell, the lymphoidocyte of Pappenheim, 
provides the sole ancestral background for all of the definitive blood cells now 
recognized. A consideration of this element must, therefore, precede any con- 
sideration of the other blood cells. 


TERE LYMPHOCYTE 


The typical lymphocyte of the cireulating blood lacks the hemoglobin, the 
specific granules or the neutral red rosette, which characterize the erythrocyte, 
the granulocyte and the monocyte, respectively. It, thus, lacks the more readily 
recognizable criteria of functional maturity. Moreover, the lymphocyte has 
never been demonstrated to perform any vital function comparable to that of 
the oxygen-carrying property of red blood cells, or the phagocytic defense or 
proteolytic enzyme actions of the neutrophilic leucocytes. The appearance of 
azur granules, or of an occasional neutral red vacuole, in the cytoplasm of the 
lymphocyte has only served to confuse rather than clarify the issue. 

The extensive, and technically perfect, histologic studies of Maximow,’ in- 
eluding both embryonic and adult tissues, convinced him of the essential hemo- 
cytogenie function of the ‘‘lymphocyte,’’ which exists solely to be played upon 
by the various forces of the body, with the corresponding cellular differentiation 
a direct result of the need of the moment. 

The Clarks'® have studied extensively the cytologic responses of blood and 
connective tissues in the web of the frog, and more recently in the mammal by 
means of the ingeniously placed Sandison ‘‘window’’" in the ear of the rabbit. 
While identifying monocyte and tissue macrophage as different phases of the 
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same cell type, they have found no evidence of the transformation of the blood 
lymphocyte into other definitive forms. 

The Lewises'* have studied the changes occurring in hanging drop prepara- 
tions of blood from many species. They have followed the development of 
vacuoles in monocytes to the point where it was impossible to distinguish any 
morphologic difference between these changed cells and the naturally occurring, 
highly phagocytic macrophages or classmatoeytes of the in vivo tissues. ‘‘No 
such obvious transformation of lymphocytes was encountered,’’ however. 

Parker and Rhoads" studied the cells removed from the circulation in cases 
of lymphoid leucemia after incubation for various periods of time. They ob- 
served that the lymphocytes ‘‘often showed some increase in the number and 
size of their neutral red granules, which in arrangement frequently suggested 
a rosette. Such a rosette, however, could not be confused in any way with that 
of a monocyte owing to the shape and color of the granules.’’ 

Carrel and Ebeling'* found that the lymphocytes disappeared in their eul- 
tures of hen’s blood, and that only the ‘‘mononuclears’* were transformed into 
macrophages and fibroblast-like cells. 

Cunningham, Sabin and Doan'’ conclude from their experimental studies 
that a primitive stem cell for the white blood cells may be recognized in bone 
marrow, lymph nodes, spleen, and the connective tissues. Fixed cells in the 
reticulum of these organs give rise by mitosis to a free primitive cell, the size 
of the small lymphocyte. During times of increased demand for myeloid or 
lymphoid elements these small round cells may be found in increased number in 
association with the more mature cells of the respective strains. These studies 
differentiate this primitive stem cell from the lymphocyte, which latter was 
never observed by these investigators to develop into other definitive forms. 

Jordan and his associates have studied hemopoiesis in the frog extensively 
over a period of years,'® and they conclude that the differentiation of lympho- 
cytes, originating from reticulum cells, provides the source for the various types 
of definitive blood cells in this species. Tischtschenko™ in a recent investigation 
ot hemopoiesis published from His’ laboratory in Berlin, coneludes that the 
myeloid and lymphoid elements of the frog’s blood ‘‘must belong unconditionally 
to two different hemocytogenie systems.’’ Bloom'*® cultured the lymph from the 
thoracie duet of the rabbit and found changes oceurring which he interpreted 
as a metamorphosis of both large and small lymphocytes into typical inflam- 
matory mononuelears, the so-called polyblasts of Maximow. Seeman'® working 
in Aschoff’s Institute of Pathology at the University of Freiburg has found in 
studying the blood of the white rat that the ‘‘real lymphocyte from lymphatic 
tissue is not capable of transformation into monocytes and _ histiocytes,’’ and 
States furthermore, that ‘‘the extreme monophyletic school of Maximow places 
under the category of lymphocytes entirely different forms of cells, which are 
only separated by supravital staining or biologic experiment. ’’ 

Applying these two methods suggested by Seeman, Wiseman”° has recently 
adduced some very pertinent facts bearing on this question of the identity of the 
lymphoeyte. This investigator first analyzed all of the criteria, which have been 
described as accompanying maturation in erythrocyte and granulocyte. Quite 
asile from the elaboration of specific materials in these better understood 
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strains of cells, which will be described later, certain other significant changes 
occur. The dense basophilia of the cytoplasm common to all very young blood 
cells gradually disappears as hemoglobin or specific granules inerease. The 
mitochondria, as revealed by supravital staining with Janus green, rapidly de- 
crease in number with the approach of full maturity, thongh in the earlier stages 
of development they are present in large number. The elaboration of chromatin 
material in the nucleus brings about a very definite change in the density of this 
structure, from a young vesicular to a mature pyknotie state. With these 
eriteria in mind, a superficial survey of the lymphocytes of the blood revealed 
differences in nuclear structure, basophilia and mitochondria strikingly similar 
to those noted in the other blood cells and which could quite readily be submit- 
ted to study and eritical analysis. Wiseman analyzed these differences first in 
the normal adult, then in the newborn, and finally under conditions of experi- 
mentally induced, lymphoid, hypo- and hyperplasia in rabbits. He has elassi- 
fied the lymphocytes into three groups, according to the criteria cited. In the 
normal adult human being and the rabbit a relatively stable equilibrium in the 
proportion of 5 young, to 49 mature, to 46 old lymphocytes is maintained. As 
would be expected, if the criteria chosen really reflect the relative age of these 
cells, there was a marked ‘‘shift to the left’’ from this normal Y-M-O formula 
in the newborn and under conditions of lymph node hyperplasia. That is to 
say, Wiseman has recognized through these studies a maturation cycle for the 
lymphocyte of the cireulating blood, based upon changing criteria identical 
with those which accompany the essential transformation of megaloblast to 
erythrocyte and of myeloblast to neutrophilic leucocyte, with a shifting of the 
Y-M-O index depending upon the state of activity of the lymphoid tissues. He 
has thereby established the lymphocyte, it would seem,—this enigma of the 
hemopoietic system—upon an equal and independent basis of existence with 
the other blood cells. A very distinctive type of motility for the mature lympho- 
eyte is readily seen in living preparations of blood*! ** which contributes further 
circumstantial evidence, perhaps, toward its independent identity. 

It should now begin to be apparent why the interpretations of equally com- 
petent and careful investigators have differed so widely up to and including the 
present time. Superficially, and even with the most meticulous care in analyzing 
fine cytologie differentiation on a morphologic basis alone, primitive basophilic 
cells destined to elaborate hemoglobin, or granules, or vacuoles partake of the 
undifferentiation, which marks to a large degree the entire life cycle of the 
blood lymphocyte. Only the most discriminating observation, and the submit- 
ting of these cells to such biologic experimentation and stimulation as involve an 
accentuation of their number and activity, can be expected to continue to 
further our knowledge and understanding of this strain of cells. Our present 
information, then, justifies both the position taken by those who have contended 
that ‘‘lymphoeyte-like’’ cells may differentiate into other specific definitive cecil 
types, and those who have seen no evidence of transformation in a large propor- 
tion of the small ‘‘mononuclear’’ round e¢ells, which exist in blood and tissu:s. 
Neither hypothesis may be considered as mutually excluding the other. 

Those who have used the supravital and fixed technics extensively togeth«', 
each for its respective unique contribution to the problem, feel that the early 
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precursors of the lvmphocyte eyele, the lymphoblasts, may be distinguished 
from the ‘‘primitive stem cell’”'® of the white cells, and also from myeloblast 
and monoblast. The lymphoblast has a relatively deeper basophilia, larger rod- 
shaped mitochondria and fewer nucleoli (one to two) than do the leuecoblasts of 
the other two strains of white cells. These differences may best be studied as 
exemplified in the ‘‘blast’’ cells of the acute leucemias, myeliod, lymphoid, and 
monocytic, where the presence of more mature stages in the respective cell types 
clearly identifies those with less characteristic criteria. In this problem we have 
an excellent example of the contribution, which the experimental study of 
physiologie function, and of changing, rather than static, biologie form, may 
make to the science of pure morphology, so frequently unappreciative of the aid 
which may be rendered by these handmaidens. ~~ 
The implications of the fundamental studies of Wiseman, which are now 
being applied to the study of the diseases involving the lymph nodes and lym- 
phatie tissues, give promise of a very real advance soon in our understanding of 
the different pathologic mechanisms underlying the dysfunctions effecting the 
lymphocytes. 
THE GRANULOCYTE 


As has been stated already, the principal difference of interpretation with 
reference to the details of the mechanism of hemocytogenesis abides in the dis- 
cussion as to just where, if at all, specificity and irreversible dedifferentiation 
finally begins. Before any specific granules have been elaborated, there may be 
found in the liver and spleen of the embryo, and in the bone marrow at later 
stages, extravascular round cells, with a moderately basophilic cytoplasm, many 
fine, spherical mitochondria, and a vesicular nucleus containing from two to 
five nucleoli, these cells usually in close association with other extravascular 
units containing a few scattered granules. Partly because of their extravascular 
position, in part because of their morphologic characteristics as outlined, and in 
part through their association with definite myelocytes, these units may be 
identified as myeloblasts. Though Naegeli, to whom we owe the original con- 
cept of the myeloblast, does not limit the term to nongranular cells, it would 
seem best to reserve this designation for the agranular precursor of the myelo- 
eyte. An involved and highly technical nomenclature, together with differing 
definitions for identical terms employed by the several schools of hematologic in- 
vestigators, have combined to surround this subject with an unnecessary mystery 
and complexity. Certain phenomena occur simultaneously and usually recip- 
rocally during the period of maturation of the granulocyte, and to comprehend 
the underlying facts in this metamorphosis is far more important than to be 
able to understand all of the terms which have been applied to the many minor 
morphologic variations which may be found among the myeloid cells, wherever 
they are observed to be developing. Si 

The primitive, ‘‘lymphocyte-like’’ precursor of the myeloblast may be 
recognized most readily in relatively hypoplastic areas where myelopoiesis is 
actively extending. Under such circumstances mitoses may be observed occur- 
ring in the fixed cells of the intervaseular spaces of the marrow reticulum, situ- 
atel similarly, topographically, to myeloid foci already functioning. The 
mitochondrial and basophilic content of the free cells thus formed increase to 














892 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


a maximum just prior to the appearance of the first few specific granules. 
From this point on there is a rapid increase in the number of specific granules 
with a gradual disappearance of the mitochondria and basophilic substance. 
The only necessity for distinguishing various stages in this maturation period 
and christening them with names is to facilitate an appraisal of the acuteness 
of the process in a given case of myelogenous leucemia or severe infection, and 
to govern therapy. For these purposes the most accurate and dependable single 
criterion of maturity is the number of granules present in the cytoplasm of a 
given cell. The chemistry of the granules, basophilia, nuclear criteria, ete., are 
much more variable with respect to the ultimate criterion of maturity, which is 
active motility of the cell. Except under conditions of extreme toxicity, when 
an occasional motile neutrophile may be seen in the peripheral circulation with 
an incomplete complement of granules, a cytoplasm filled with granules, plus 
motility, are the essentially constant findings significant of functional maturity 
in this strain of cells. 

But to provide means of statistically expressing the severity of the bone 
marrow insult or leucemoid hyperplasia in the patient, it has been suggested** 
that the phase of granule elaboration, the myelocyte period, so-called, be arbi- 
trarily divided into three stages: those cells containing ten or less specific 
granules by actual count may be designated Myelocytes A; when approximately 
one-half the cytoplasm is filled with specific granules, mitochondria and _ baso- 
philic material being still plentiful, this adolescence of the cell may be desig- 
nated as Myelocyte B; just before the nucleus elongates preparatory to the 
formation of two lobes and before any evidence of motility is apparent, but yet 
with the cytoplasm filled with granules, we have what may be termed the most 
mature of the myelocytes, Myelocyte C. 

~~ As soon as the granulocyte becomes motile, then, except-for the occasional 
vestige of those cytoplasmic criteria important during the myelocytic matura- 
tion, no further changes are noted except in the nuclei, until the final ‘‘non- 
motile’’ stage of Sabin,** representative of the physiologic death of the cell. 
Arneth,* and later Schilling,*® and still later many others, have proved con- 
clusively that the number of lobes in the nucleus of the neutrophile is the eri- 
terion of age for the mature leucocyte. Early and mild reactions affecting the 
myeloid function of the bone marrow may be detected by an increase in the per- 
centage of those neutrophilic leucocytes having only two lobes, or no lobing of 
the nucleus. A still further ‘‘shift to the left,’’ and its degree, may be ascer- 
tained by partitioning the myelocytes according to the cytoplasmic criteria 
above mentioned, the study of the whole eyele thus providing data upon which 
to estimate quite accurately the state of myeloid activity in the bone marrow.“ 

The various degrees of leucopenia, which are now being recognized clin 
ically, including the malignant neutropenia of Schultz?? may be divided accord- 
ing to whether an actual deficiency of myeloid cells exists in the bone marrow 
or whether other factors have combined to produce temporarily a lowered coun! 
in the blood stream, with the potential source of supply still intact.2s Th: 
‘ationale of nucleotide therapy** ** ‘7 in neutropenic conditions must depen: 
upon a very careful differential diagnosis of the underlying mechanism respon- 
sible for the finding. 
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The maturation cycles of eosinophile and basophile vary in no particular 
from that described for the neutrophile, the earliest granules in these cells show- 
ing the special morphologic and staining characteristics so well known in the 
respective definitive cells. 

No longer is it sufficient to know only the total white cell count and the rela- 
tive proportion of granulocytes, lymphocytes and monoeytes present, if the 
maximum of information is to be secured in the clinical appraisal of the patient. 
We have already indicated the increased value which may attend the additional 
qualitative study of the granulocytes and lymphocytes, and it can be said that 
this general principle is in no wise excepted when it comes to the study of the 
monocyte. 

THE MONOCYTE 


Until very recently the nongranular cells of the blood were all classified to- 
gether as lymphocytes, the transitional or large mononuclear of Ehrlich, or, as it 
is now more frequently designated, the monocyte, receiving little attention from 
physicians. When stained with any of the Romanowsky dye combinations, the 
monoeyte of human blood usually shows a myriad of tiny azurophilie granules 
studded in a background of mottled blue cytoplasm. Because of this finding it 
was thought originally to represent a transitional stage between lymphocyte and 
eranuloeyte. Later, when Michaelis and Wolfe*! demons‘rated so-called azur 
granules in certain of the lymphocytes, the monocyte was more closely linked in 
the minds of many with the lymphoeyte. Schilling*? was the first to quite defi- 
nitely and finally classify it as a separate entity within the group of white blood 
cells. The studies of the past decade have now made it very clear that many of 
our most important interpretations in clinical medicine are dependent upon the 
accurate identification of monocyte and lymphoeyte in the differential count. 

An appreciation of the morphologic characteristics, physiologic function 
and pathologie potentialities of the monocyte has followed close upon the de- 
velopment of the supravital staining technic,?* and the modern experimental 
and elinical study of tuberculosis.** Sabin, Doan and Cunningham* described 
a rather characteristic rosette of neutral red vacuoles surrounded by mito- 
chondria, which are not apparent in the ordinary fixed preparations. The ar- 
rangement and behavior of these vacuoles, together with a very distinet surface- 
film type of motility in living preparations, have served to differentiate sharply 
the monocyte from the lymphocyte. 

That the monocyte is closely related to the ‘‘primitive cell’’ of the con- 
nective tissues, similar in all morphologie and other characteristies, to the primi- 
tive cells of the lymph node and bone marrow, has been clearly demonstrated. 
Doan and Sabin®* noted the appearance of large numbers of monoblasts devoid 
of vacuoles in the bone marrow of rabbits experimentally infected with bovine 
tubereulosis. These cells soon developed the typical rosette of neutral red stain- 
ine vacuoles and were then rapidly transformed into typical mono- and multi- 
nucleated epithelioid cells arranged in tubercles. The same sequence of events 
has been observed in the cytologic proliferation occurring in the various organs 
and tissues of the body during the development of a generalized tuberculous 


infection. 
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Forkner*® has studied particularly the normal formation of monocytes with- 
in the peripheral nodes of normal rabbits, and has described and effectively il- 
lustrated, large, young monoblasts, premonocytes or early monocytes showing 
the beginning development of vacuoles, and the mature monocyte with its fully 
developed rosette all within one focus, quite as we find myeloid foci with cells in 
various stages of maturity in the bone marrow. 

Hyperplasia of monocytic tissue is thus quite as possible and frequent an 
occurrence as myeloid or erythroid hyperplasia, and, when it occurs, is reflected 
quite as quickly and directly, qualitatively as well as quantitatively, in the 
peripheral circulation. The monocyte-lymphocyte ratio is of distinct prognostic 
significance in tuberculosis, the quality of the individual cells in each of the 
categories being equally important. While tuberculo-lipoids have a very strong 
irritative or stimulative effect upon the monocytes very many other substances 
also call forth this response in a greater or lesser degree, and many types of 
general tissue reactions involve the monocytes. 








THE TISSUE MACROPHAGE OR CLASMATOCYTE 





In the first section of this discussion, it was made apparent that no una- 
nimity of opinion exists at the present time relative to the monocyte-clasmato- 
eyte question. Most of the evidence from tissue culture tends to support the 
contention that they represent two phases in the life history of the same cell 
type. While recognizing the occasional highly phagocytic monocyte as ap- 
proaching very closely, and possibly, rarely, entirely simulating, the tissue macro- 
phage in histologic appearance, nevertheless, the great majority of the phago- . 
eytie cells may be very readily separated into two groups in the supravital ; 
studies after various experimental procedures. Different pathologic processes 
strikingly call forth one or the other in rather characteristic predominance, 
though both are, of course, frequenters of all the organs and tissues. d 
The largé phagocytie cells filled with disintegrating erythrocytes in spleen, 
lymph nodes, and bone marrow, and the Kupffer cells of the liver sinuses ap- 
pear to be closely related to endothelium. In the sinuses of lymph nodes, which 
are draining an area of hemorrhage or necrotic debris, the endothelial cells en- 
gulf in situ the foreign material to such an extent that in many places the sinus 
endothelium will have been entirely denuded and the free, rounded up, highly 
phagocytic endothelial cells will lie free in the tissues indistinguishable from 
those in marrow and spleen normally. Whether there is also an extravascular 
origin for cells with this very highly specialized scavenger activity remains 
problematical and unsettled up to the present time. Perhaps, we may assume a 
three-fold source of these tissue macrophages on the basis of the evidence avail- 
able ; from endothelium, from monocytes, and from preexisting clasmatocytes. 

Only rarely do these cells find their way into the peripheral capillary cir- 
culation? * probably because of their large size and inelasticity, when highly 
phagoeytie. 

THE BLOOD PLATELETS 


Both direct and inferential evidence has continued to accumulate during 
the past quarter of a century, attributing to the magakaryocyte of the bone 
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marrow the origin of the blood platelets. The unsatisfactory state of the tech- 
nical procedures for estimating the total number of these bodies is revealed in 
the multitude of methods, which flood the literature, and the wide range in the 
figures usually reported. It, thus, becomes important to analyze these essential 
blood elements qualitatively to supplement and strengthen the weakness in- 
herent in the attempt to determine their quantity. 

Apparently these smallest of the formed elements of the blood behave very 
much like the larger blood cells already discussed. When the platelets are 
markedly reduced in number under pathologie conditions, there is variation in 
size with a relative increase in the smaller forms. In addition there is a varying 
degree of basophilice staining of the cytoplasm with irregular distribution of the 
tiny granules. When the count is high, or when the platelets are rapidly in- 
creasing in number, they tend to be larger and less granular. In the period of 
rapid increase, which reflects a rapid multiplication of magakaryocytes in the 
marrow, basophilia is common. Basophilia of the platelet cytoplasm indicates 
immaturity,** as it does in all of the blood cells. 


THE ERYTHROCYTE 


The erythrocyte is the first of the blood cells to appear in embryonie de- 
velopment. Following the extensive studies of fixed embryonic material by 
Maximow** and Danchakoff,*® Sabin*® studied the living chick blastoderm of the 
second day of incubation, observing the differentiation of the first angioblasts 
from the primitive mesoderm. These angioblastic nests were then seen by her 
to give rise to the first blood plasma through liquefaction of some of the central 
cells. Those on the periphery elongated to form the first vascular endothelium, 
and the remaining cells comprised the original blood islands of erythroblasts ap- 
pearing in the area pellucida. Subsequently, Sabin observed the endothelium 
giving rise to free hemoglobin synthesizing units. 

Erythrogenesis ordinarily occurs in the adult in relatively hyperplastic 
areas of the marrow. It has been necessary, therefore, to analyze relatively 
hypoplastic states, where myeloid and erythroid foei were widely separated, 
and not too numerous. This has now been accomplished in both the experi- 
mental animal,*! and in studies of selected human material” ** secured at biopsy 
or postmortem. 

In the first place it was found that there exists in marrow an extensive 
capillary system,® 41 most of which usually is collapsed and nonfunctioning as 
a patent vascular bed, but which potentially is capable of marked hemopoietic 
activity. Marked hypertrophy and hyperplasia of the endothelial cells lining 
these ‘‘intersinusoidal capillaries’’ precedes the appearance of the first cells with 
hemoglobin. The megaloblasts, while partaking of the relative lack of differential 
criteria noted in all young blood cells in fixed preparations, still are characterized 
by a faint blush of hemoglobin, when observed in the living state, and possess 
a rather distinctive vesicular nucleus with one large nucleolus, very occasionally 
two. In areas of rapidly extending erythrogenesis, endothelial mitoses are 
numerous, and the first megaloblasts are to be found within the capillary net- 
work, closed to the active circulation. Small isolated islands of erythroblasts 
develop from these first megaloblasts, and on serial section can be demon- 
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strated* *! endothelial lined channels, which the 
sinusoids directly. By the gradual elaboration of hemoglobin at the expense of 
a decreasing basophilia and mitochondrial content, the stage of the normoblast 
is reached. The main reserve of the red cells in marrow is held under normal 
conditions at this normoblastie level.** Extrusion of the pyknotie nucleus pre- 
eedes delivery of the mature erythrocyte through the conical opening of the 
Reticulation, or some other 





within 


erythrogenie capillary, into the active circulation. 
manifestation of remaining cytoplasmic basophilia, such as polychromatophilia, 
is the only evidence of youth, which can be recognized in the mature mammalian 
erythrocyte. The percentage of reticulocytes per cubic millimeter of blood is a 
measure of the rate of delivery of these units to the cireulation. 

Once again recurs the difference in interpretation of evidence, which has 
marked all of the discussions centering about the origin and maturation of the 
cells of the blood. Does the erythrocyte take its origin from a multipotential, 
‘‘lymphoeyte’’ under the stimulus of a favorable environment, or, given the 
propitious circumstances, must there also be a different stem cell with a more 
specific capacity for synthesizing hemoglobin? The relationship, which seems 
to exist between endothelium and erythrogenesis in early embryonic life is the 
logical point of approach to this problem in the adult. The evidence of endo- 
thelial activity, which always accompanies erythropoiesis in the bone marrow 
of the adult mammal, particularly when taken in conjunction with the data 
available from embryologie studies, would seem to have more significance than 
that of a mere fortuitous cireumsiance. However, it is the opinion of many 
students of this problem that a free hemoblast, ‘‘lymphoeyte,’’ located extra- 
vascularly in the marrow parenchyma is the precursor of the normoblastic nests 
of cells, which, when mature, either pass through fenestrations in the vascular 
endothelium, or if, as most investigators now believe, the vessels of the marrow 
form a closed circulation, erode temporarily by ‘‘growth pressure’’**: * an open- 
ing sufficient to permit entrance of the erythrocytes into the blood stream. 

The perplexing questions concerning the place and mode of origin and the 
mechanism of delivery of the definitive erythrocytes have no direct bearing at 
the present time upon the practical clinical implications. The sequence ot 
events in.the maturation cycle is quite clear, and this knowledge provides the 
clinical pathologist with a basis for his analysis of the various syndromes in- 
volving the red blood cells, a study which must always precede the institution of 
rational therapy in the individual case. The hypoplastic and aplastic anemias 
are the result of deficient megaloblastic differentiation. In pernicious anemia 
the marrow is hyperplastic, but the megaloblasts for the most part lack the power 
to mature, to elaborate hemoglobin. All of the many types of secondary anemia 
involve a deficiency in the ability to utilize, or in the supply of, iron and other 
elements, essential to hemoglobin formation. 

Greater advances have been made during recent years in our understanding 
and control of the anemias than in the diseases involving primarily the other 
formed elements of the blood. The increased interest, which is centering about 
the cells of the blood, as they affect both directly and indirectly the genera 
health of the individual,*® gives promise of a continually improving therapeutic 


rationale in our attack upon disease. 
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THE SIZE AND HEMOGLOBIN CONTENT OF THE ERYTHROCYTE* 


MetHops OF DETERMINATION AND CLINICAL APPLICATION 


M. M. Wrntrrose, M.D., BautrromMore, Mp. 


HE fact that even today relatively few physicians interest themselves in de- 

tails concerning the size and hemoglobin content of red corpuscles in at- 
tempting to differentiate the anemias, is surprising when one finds that some of 
the most important physical characteristics of the erythrocyte and their variation 
in disease have been known almost since the first days of the microscopie study 
of blood. Welcker, who with Vierordt recorded the earliest erythrocyte counts, 
determined the volume of the red corpuscle with the aid of plaster models. He 
found (1864) that the blood corpuscles in a case of chlorosis were smaller than 
normal. Johannes Duncan about the same time (1867) recognized the pos- 
sibility of variation in size and hemoglobin content of red corpuscles and S¢rensen 
(1876), Ehrlich (1880), and Laache (1883), noted the increase in the size of 
the cells in Addison-Biermer (pernicious) anemia. Hayem (1878) measured the 
diameter of red corpuscles, calculated their mean volume from these measure- 
ments, and devised the color index. 

There can be little doubt that these determinations with the exception of 
the color index, failed to arouse the enthusiasm of the general medical public 
as much because of technical difficulties as on account of general ignorance con- 
cerning the value of such examinations. The earlier hematocrits, such as those of 
Hedin (1890) and Daland (1891), could not be depended on for accurate and 
consistent information and even instruments developed more recently, such as 
the Van Allen hematocrit (1925), have by no means satisfied critical workers. 
Although the determination of the average amount of hemoglobin in the red 
corpuscles (color index) has been very commonly earried out, the notorious in- 
accuracy of hemoglobin estimation, so general even today, has brought this 
constant into considerable disrepute. The introduction of accurate methods, 
such as those for the measurement of cell diameter utilized by Price-Jones*° 
and others,?® * 2 has likewise not been followed by the universal enthusiasm 
which the information derived may deserve, because of the time-consuming and 
tedious nature of these studies. There is little question that general interest in 
the study of the size and hemoglobin content of the erythrocyte, in spite of proof 
of the importance of these observations, can only be aroused by the presentation 
of simple and accurate methods. 


METHODS 


No attempt will be made in this paper to present completely all the methods 
Which are available for the determination of the size and hemoglobin content of 
the red corpuscles. Instead, it is proposed to mention only briefly those methods 


*From the Medical Clinic, Johns Hopkins University. 
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which are of historical importance or are of relatively little value and to describe 
fully those which in the writer’s own experience are most useful from the 
standpoint of simplicity and accuracy. 

Measurement of Erythrocyte Diameter.—Although the diameter of red 
corpuscles was measured in the very early days of hematology, it was not until 
ten years after the first of the painstaking studies of Price-Jones was pub- 
lished (1910) that considerable interest was aroused in these determinations. 
Price-Jones projected the images of the red corpuscles on a sheet of paper, and 
after outlining in pencil the cells in a thin portion of the smear, measured their 
The magnification of the cell images being known, 


long and short diameters. 
The results of the 


it was possible to caleulate the actual size of each cell. 
measurement of five hundred cells were plotted in the form of a curve which 
has come to be known as the ‘‘ Price-Jones curve.’’ The method of: Price-Jones, 
although quite accurate, is obviously too time-consuming for clinical labora- 
tory work. Various modifications have been recommended, the simplest being 
the following: 

A micrometer dise of glass marked with a seale, the smallest division of 
which equals approximately one micron, is placed in the eyepiece of the 
microscope. Since tube length and lens differ in various microscopes, it is neces- 
sary to calibrate the micrometer dise for the tube length and lenses employed. 
This is very easily done with the aid of a micrometer slide specially made for 
this purpose, or a hemocytometer may be used instead. The micrometer disc 
having been placed in the eyepiece of the microscope, the hemocytometer is 
foeused and adjusted in such a way that the divisions of the micrometer disc 
are superimposed over one of the smallest divisions of the hemocytometer. Since 
the latter are exactly fifty microns to the side, it is simple enough to determine 
how many of the micrometer divisions make up fifty microns, and from this 
to caleulate the width of one division. 

Fresh blood or fixed and stained smears may be employed, but it is important 
to bear in mind that a uniform technic must be followed. Fixing and drying 
of red corpuscles cause shrinkage in their size.*° *7 Smears should be well 
stained and thin. There is some variation in the values reported for normal 
mean erythrocyte diameter (Price-Jones, 7.2 », Grosh and Stifel, 7.4 », Bell 
et al., 7.7 », Wiechmann and Schurmeyer 7.9 »). The cause of these differences 
is not clear but since they may be due to slight differences in technic, it is ad- 
visable to establish the normal for one’s own working conditions by examining 
several specimens of normal blood before carrying out any series of determina- 
tions in disease. 

The actual measurement of the cells is carried out by bringing the erythro- 
eytes in a thin portion of the preparation under the seale of the micrometer disc. 
The maximum and minimum diameters of each cell may be measured and the 
mean of these taken as the diameter of the erythrocyte, or only one diameter of 
all round cells which appear under the scale may be recorded. It is obvious that 
greater accuracy is secured by measuring two diameters of each of a large 
number of cells. Usually several hundred red corpuscles are examined in this 
way. The mean diameter of all the cells is caleulated, but it is also important 
to note the degree of scatter (the proportion of microcytes and macrocytes) for, 
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as Price-Jones has emphasized, the scatter may be such that the mean cell diam- 
eter is normal or nearly normal. Seatter is best demonstrated by graphically 
recording the number of erythrocytes of each size encountered (Price-Jones 


curve ) 

Comparative Value of Methods for Determination of Cell Size-—The meas- 
urement of cell diameter gives quantitative expression for what one sees on 
examining a blood smear. This information is very valuable but from a practial 
standpoint must be measured in terms of the time and effort required and the 
possibility of deriving similar information by simpler methods. Various in- 


struments have been devised by means of which cell diameter may be measured 
much more easily than by the technie above described. These methods (diffrae- 
tion methods of Pijper, Millar, eriometer of Emmons, halometer of Eve) are 
based on the principle that circular, concentrie spectra, the character and size 
of which depend on the size and shape of the red corpuscles, are produced when 
parallel light rays are passed through a blood smear placed in front of a convex 
lens. The very important disadvantage of all these methods is that the size of 
the corpuscles is measured in mass and only mean diameters are thereby de- 
termined. Variability cannot be accurately measured. As Price-Jones himself 
admits, variations in cell diameter are relatively so small and of such variety in 
disease, that mean cell diameters may often not be significantly altered from 
the normal. Of thirty-two determinations in 14 cases of pernicious anemia and 
5 eases of sprue, I found mean cell diameter greater than the maximum normal in 
only 15 instances and even in 6 of these the values were little greater than the 
normal.*®° On the other hand, Haden'® and I*° have shown that it is possible 
to demonstrate striking differences in mean values when the average volume 
of the red corpuscles is determined, for, in measuring volume small variations 
in size in all dimensions are taken into account and thereby the differences are 
magnified. For this reason as well as from the standpoint of accuracy, the 
measurement of mean cell diameter by one of the diffraction methods is inferior 
to the determination of mean cell volume by the method to be described. With 
regard to the measurement of individual cell diameter as is carried out by means 
of the micrometer dise, no criticism ean be offered except that which derives 
from the tedious and time-consuming nature of the procedure. However, the 
latter objection is most important from the standpoint of general practicability. 
In my own experience, the simple examination of a blood smear together with 
the measurement of mean corpuscular volume has afforded considerably more 
useful and accurate information at the expense of much less effort than is in- 
volved in measuring the diameter of several hundred red corpuscles. The 
hematoerit method to be described possesses the additional advantage that, in 
combination with hemoglobin determinations, valuable information concerning 
the concentration of hemoglobin in the red corpuscles may be gained which ean- 
not be derived in any other way. 

Measurement of Corpuscular Volume.—There is no practical method by 
means of which the volume of individual red corpuscles may be determined. It 
is only possible to determine the mean corpuscular volume of a substantial num- 
ber of cells. This is done by determining the volume of packed red corpuscles 
as well as the number of ceils in a given quantity of blood and from these values 
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the volume of the average erythrocyte is calculated. The volume of packed red 
cells may be determined by centrifuging a quantity of blood to which a suitable 
anticoagulant has been added. Centrifugation is carried out until no further 
packing occurs. 

Hematocrits are available which require only such small quantities of blood 
as may be obtained by finger puncture,’ ** but since greater accuracy is af- 
forded by the use of larger quantities of blood, venipuncture is recommended. 
When care is taken to avoid congestion of the arm from tourniquet pressure, 
no difference is found between venous and capillary blood. It is our custom to 
prepare the needle and syringe, clean the arm for venipuncture, and fasten 
the tourniquet just prior to making the puncture. When this routine has been 
followed, blood counts on capillary and venous blood have been found to agree 
exactly. Venous blood so obtained may be used not only for hematocrit deter- 
minations but also for red cell counts, hemoglobin, leucocyte, platelet, reticulo- 
cyte, and other hematologic procedures. There is the additional advantage 
that counts may be checked without the necessity of troubling the patient more 
than once. 

Heparin is the ideal anticoagulant, since it does not affect the size of the 
red corpuscles but it cannot always be depended upon unless the extremely 
expensive, purified material is employed. The use of an isotonic anticoagulant, 
such as 1.4 per cent sodium oxalate solution, has the obvious disadvantage that 
the blood is diluted and a source of error is introduced not only in hematocrit 
determinations but also in any blood counts which it may be necessary to carry 
out. For these reasons, dry potassium oxalate in minimal amounts, namely, 
10 mg. per 5 ¢.ec. of blood, is preferred. This quantity is easily measured by 
running 0.5 ¢.c. of 2 per cent potassium oxalate solution from a burette into a 
vial or small bottle and allowing the water to evaporate. In the proportion of 
2 mg. per c¢.c. of blood, solid potassium oxalate, does not influence red cell, 
leucocyte, platelet, or other counts but causes a shrinkage of 8.2 per cent in the 
volume of the red corpuscles as compared with their volume in heparinized 
blood.* 

For the hematocrit, I have found most useful a glass tube of about 2.5 mm. 
uniform inside bore and flat inside bottom. On the sides of this instrument,*® t 
a centimeter-millimeter scale 10 em. in length is etched. About 0.7 ¢.e. of blood is 
required. The hematocrit is easily filled by means of a capillary pipette. When 
the leucocyte count is high, it is advisable to allow the filled hematocrit to stand 
for an hour or longer before centrifugation, in order to permit separation of 
the red and white corpuscles. Centrifugation at 3,000 revolutions per minute 
for a half hour is necessary to secure complete packing. It is not necessary 
however, to determine the speed of the centrifuge for, since the object of 
centrifugation is to secure complete packing, it is simple enough to determine 
the time necessary for any instrument even though its speed is not known. 

In order to deal with values which may be readily visualized, it is preferable 
to calculate the mean corpuscular volume in eubic microns. This is done by di- 
*The volume of packed red cells, as determined from blood to which has been adde: 


solid potassium oxalate in the proportion of 19 mg. per 5 c.c. of blood, should be multiplie« 


by the factor 1.09 in order to correct for shrinkage. 
+The hematocrit may be obtained from Arthur H. Thomas Co., Philadelphia, or Wi! 


Corporation, Rochester, N. Y. 
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viding the volume of packed red cells, expressed in cubic centimeters per 
1,000 ¢.c. of blood by the number of red cells expressed in millions per cubie 
millimeter. The result gives the average volume of the red corpuscles in the 
sample of blood in cubic microns. Thus, for a sample which contains five million 
red corpuscles per ¢. mm. and 42.5 ¢.c. of packed red cells per 100 ¢.c. of blood, 
the mean corpuscular volume is 425 + 5.0 = 85 ©. p. 

Objections have been raised against this method of determining corpuscular 
volume. Some observers have thought that by centrifuging, fluid is forced out 
of the blood corpuscles, thus making their volume smaller. This effect is unlikely 
because the volume of the blood corpuscles is determined by osmotic forces which 
are so great that the force with which they are centrifuged down is negligible in 
comparison. That it does not take place is shown by the fact that the mean 
corpuscular volume of normal blood as determined by the hematocrit method 
here described, agrees almost exactly with the value obtained by Ponder and 
Saslow”® by an accurate (but laborious) colorimetric method. 

From a detailed study of methods of measurement of red cell volume, 
Ponder and Saslow*® concluded that the hematocrit method is inaccurate. They 
used as hematocrits capillary tubes 100 mm. long and centrifuged three sets of 
these tubes at speeds of 1,000, 4,000, and 14,000 r.p.m. Spinning was carried 
out to the attaining of constant volume or Koeppe’s criterion. They could find 


no consistent agreement with the results of volume determination obtained by 
their colorimetric method. It seems likely, however, that the hematocrit technic 
employed by these investigators is at fault rather than the hematocrit method as 


a whole, for the values for mean corpuscular volume obtained by the method 
described by the writer not only agree almost exactly with those of Ponder and 
Saslow as determined by what they consider a much more accurate method, but 
the same results are consistently obtained. In Table I will be found the results 
of four experiments which were carried out to determine the probable error of 


TABLE I 


PROBABLE ERROR OF DETERMINATION OF VOLUME AND HEMOGLOBIN CONTENT OF RED 
CORPUSCLES 








MEAN CORPUSCULAR HBG. 


MEAN CORPUSCULAR VOLUME MEAN CORPUSCULAR HBG. CONCENTRATION 





STANDARD 
DEVIATION 


COEFFICIENT 
OF VARIATION 


STANDARD 
DEVIATION 


COEFFICIENT 
OF VARIATION 


STANDARD 
DEVIATION 


COEFFICIENT 
OF VARIATION 








0.33% + 0.08 
0.23% + 0.06 
0.23% + 0.05 
0.37% + 


0.93% 
0.82% 
0.72% 
1.46% 


+ 0.07 0.97% 
2.08% 
1.33% 


0.13% 


1.08% 
0.65% vy + 
1.63% 0.52 yy + 
0.04% 0.02 


1.04 ¢« wt 0.25 0.33 yy 





0.11 0.43 0.09 


0.48 


0.48 « wt 








0.13 
0.01 





2.02 e. = 





0.03 e. w + 0.01 vY 0.08 




















the methods followed in our laboratory. In each experiment the following 
procedure was repeated five times on the same sample of venous blood: (1) two 
red cell counts were carefully made, using two dilutions (the average of the 
two was employed in the calculation) ; (2) the hemoglobin was determined by 
means of a Neweomer hemoglobinometer which had been restandardized by the 
Ven Slyke method, and (3) the volume of packed red cells was determined, using 
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a special hematocrit*® and an International Centrifuge, (Size 1, type SB, head 
9 em.) rotated at 3,000 r.p.m. for thirty minutes. The small error clearly 
demonstrates the reliability of the results. 

Determination of the Hemoglobin Content of the Erythrocyte——lf in addi- 
tion to determining the number of red cells and the volume of packed erythro- 
cytes in the sample, the hemoglobin be determined as well, it is possible by 
simple calculation to derive valuable information concerning the hemoglobin 
content of the red corpuscles. This is an important advantage of the technic 
here deseribed. As in the ease of the red cell counts and hematocrit determina- 
tions, accuracy is of course fundamental. We employ a Neweomer hemo- 





globinometer which has been restandardized by the Van Slyke method. Hemo- 
globin is determined in grams per 100 e.c. of blood. 

The mean corpuscular hemoglobin or average amount, by weight, of hemo- 
globin in the red cells is determined by dividing the amount of hemoglobin, ex- 
pressed in grams per 1.000 ¢.c. of blood by the number of red cells, expressed in 
millions per cubic millimeter. The result gives the average weight of hemo- 
globin in the cells in micromicrograms.* 

The mean corpuscular hemoglobin concentration or average concentration or 
saturation of the red corpuscles with hemoglobin, is determined by dividing the 
amount of hemoglobin, expressed in grams per 100 ¢.c. of blood, by the volume of 
packed red cells, expressed in cubie centimeters per 100 ¢.c. of blood, and multi- 
plying the result by 100. Mean corpuscular hemoglobin concentration is ex- 
pressed in per cent. It will be noted that its caleulation is similar to the eal- 
culation of the strength of any solution. Although the implied presumption 
that hemoglobin is contained in the red cell in the form of a solution is probably 
incorrect, the determination of this relationship of amount of hemoglobin to size 
of cell is nevertheless very valuable, as will be shown later. 


TABLE IT 


METHOD OF CALCULATION OF CORPUSCULAR CONSTANTS 


MEAN CORPUSCULAR VOLUME (C.V.) 





Volume of packed red cells (in ¢.¢. per 
1000 ¢e.e. blood) 





in eubie microns (¢. y«) R.B.C. (in millions per ¢. mm.) 


MEAN CORPUSCULAR HEMOGLOBIN (C.H.) Hemoglobin (in gm. per 1000 ¢.c. blood 








in mieromicrograms (yy) R.B.C. (in millions per ¢. mm.) 
MEAN CORPUSCULAR HEMOGLOBIN Hemoglobin (gm. per 100 ¢.c. blood) 
——_— sepa ¥ 100 
CONCENTRATION (C.C.) Volume packed R.B.C. (¢.c. per 100 e.c. 
in per cent (%) blood) 


The method of caleulation may be illustrated by the following: 

A sample of blood contains 5.0 million red blood cells per cubic millimeter. 
14.5 gram of hemoglobin per 100 ¢.c. of blood, and 42.5 ¢.c. of packed red cells 
per 100 ¢.c. of blood. Then 


*A micromicrogram is the millionth, millionth part of a gram or gram x 10-" and i 
abbreviated yy. 














SIZE AND HEMOGLOBIN CONTENT OF THE ERYTHROCYTE 905 











425 
mean corpuscular volume (C.V.) is = 85 ¢. wu 
5.0 
145 
mean corpuscular hemoglobin (C.H.) is —= 29 vv 
5.0 
14.5 
mean corpuscular hemoglobin concentration (C.C.) is x 100 = 34% 
42.5 


It will be evident that these calculations are similar to those used for the 
calculation of the volume, color, and saturation indexes, respectively, differing 
from the latter only in that absolute instead of relative values are employed. 
This method is preferable to the calculation of the indexes for the following 
reasons: 

1. The number of red cells and volume of packed red cells for any sample 
of blood are always determined in absolute terms. In order to ecaleulate the 
indexes, it is necessary to convert these values into terms of per cent of normal. 
This is not required for the calculation of the constants here recommended. 
Again, although hemoglobin is recorded in per cent by many, there is a growing 
number of critical physicians who appreciate that it is more accurate to express 
hemoglobin directiy in grams for the reason that the use of widely differing 
standards of normal is thereby avoided. Hemoglobin values expressed in abso- 
lute terms (grams) require no conversion into per cent for the caleulation of 
the corpuscular constants. 

2. In order to convert the red cell count, hemoglobin and volume of packed 
red cells to terms of per cent of normal, it is necessary to adopt standards of 
normal. That such standards must necessarily be arbitrary and erroneous is 
obvious when one considers: the wide fluctuations in normal values associated 
with differences in sex, age, and possibly also geographical location.** * 

3. Whereas the indexes express only relative values, the corpuscular con- 
stants afford absolute information concerning the erythrocyte and permit the 
visualization of the physical state of the red cell. 


CLINICAL APPLICATION 


Normal values for the size and hemoglobin content of the erythrocyte are 
recorded in Table III. The values for cell diameter must be considered as some- 
what approximate for, as already mentioned, there are slight differences in the 


TABLE IIT 


NORMAL VALUES FOR SIZE AND HEMOGLOBIN CONTENT OF ERYTHROCYTES 





MINIMUM 


MAXIMUM 





Mean Corpuseular Volume (C.V.) 
in eubie microns 87 80 94 
Mean Corpuseular Hemoglobin (C.H.) 
in micromicrograms 29.5 


to 
~ 
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lo 


Mean Corpuseular Hemoglobin 
Concentration (C.C.) 35 33 38 
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diameter of the red cell as recorded by various observers. No significant dif- 
ferences in the size or hemoglobin content of the red cells in regard to sex have 
been noted, but it is now well known that the cells of the newborn are larger 
than those of adults.** Price-Jones**’ *° and others have observed some increase in 
the diameter of red corpuscles during the day and as the result of violent exercise. 
However, neither Dryerre et al.° nor Ponder and Saslow** have been able to con- 
firm these results, nor have Haden'® or I (unpublished data) observed similar 
changes in the volume of the red cell. Likewise, I could find no relation between 
the size and hemoglobin content of the red corpuscle and the biologie reference 
frame represented by body-weight, stature or surface area of men and women.*® 
In general, the erythrocyte may be regarded as being remarkably constant in its 
physical characters and an index of an internal environment regulated to great 
constancy in the normal individual. This is in striking contrast to the variations 





observed in disease. 

Although Welcker (1864) observed that in chlorosis the red corpuscles are 
smaller than normal and S¢rensen (1876) pointed out that in Addison-Biermer 
anemia they are abnormally large, it remained for Capps in 1903, to stress the 
fact that significant alterations in the size of erythrocytes occur in anemia and 
that these changes are the result of variations in the growth, development, and 
destruction of the cells. In 1910, Larrabee made similar observations but until 
the last few years interest in this subject has been only spasmodic.*: **: ** 14 76 

In association with certain diseases there arise differences in the size and 
hemoglobin content of red corpuscles, the recognition of which is not only of as- 
sistance in diagnosis, but through more accurate differentiation gives important 
information concerning prognosis and therapy. Not only is it possible by the 
special hematologic methods here described to recognize pernicious anemia and 
the other macrocytic anemias but there may readily be distinguished a type of 
anemia which has hitherto rarely been differentiated from the large group of 
so-called ‘‘secondary’’ anemias. 

It is possible on the basis of differences in the size and hemoglobin content 
of the erythrocyte to distinguish 4 types of anemia.** These are: 

1. Macrocytic anemias, characterized by an increase in the mean volume 
and hemoglobin content of the erythrocytes and represented chiefly by pernicious 
anemia and many eases of sprue. 

2. Normocytie anemias, which are distinguished by the presence of red cells 
of normal size and hemoglobin content. This group includes cases of anemia re- 
sulting from acute blood loss, hemolytic anemias (malaria), and aplastic anemias. 

3. Simple microcytic anemias, which are characterized by a moderate re- 
duction in the size of the red cells with no or little reduction in their hemoglobin 
concentration. In this group are found the majority of the anemias asso- 
ciated with chronic infections and toxie processes. 

4. Hypochromie microcytie anemias. In this type of anemia there may be 
little or no reduction in the red cell count. Nevertheless the red corpuscles are 
found to be very small and are poorly filled with hemoglobin. 

The determination of the size and hemoglobin content of erythrocytes is 
chiefly important in that it makes possible the ready differentiation of the 
macrocytie and the hypochromic microcytie anemias from the other two types. 
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Macrocytic Anemias.—For many years physicians have largely depended 
on the color index for the recognition of macrocytic anemias. It is common 
knowledge that in pernicious anemias the color index is greater than 1. It is 
less generally appreciated that this does not mean that the red cells are hyper- 
chromic or supersaturated with hemoglobin, an erroneous conception to which 
the use of the color index has led. By the calculation of the size and hemoglobin 
content of the erythrocyte in absolute terms, a clear conception of the state of 
the red corpuscles in this disease may be gained. These calculations indicate 
that the average red cell in pernicious anemia contains a greater amount of 
hemoglobin than is normal (mean corpuscular hemoglobin is high) but this in- 
erease in hemoglobin content is no greater than the increase in size so that the 
concentration of hemoglobin in these cells (mean corpuscular hemoglobin con- 
centration) is normal and may even sometimes be lower than normal. 

The mean corpuscular volume is consistently found to be high in pernicious 
anemia in relapse. Of 56 cases examined at various stages of relapse, and incom- 
plete remission the mean corpuscular volume was greater than 95 ¢. » in 50, and 
greater than 90 ¢. » in 54. Of 37 of these cases in which the red cell count was 
less than three million, mean corpuscular volume was greater than 100 ¢. » in 30, 
between 95 and 100 ¢. » in 2, and between 90 and 95 ¢. » in 3. The mean corpuscu- 
lar volume was lower than 90 ¢. » in 2 eases. In one of these transfusion had 
just been carried out. Subsequent determinations in the other case showed sig- 
nificantly high values. In no case was the mean corpuscular volume lower than 
normal. The values for mean corpuscular volume ranged as high as 164 ¢. p, 
but usually were found between 100 and 125 ¢. ». Although frequently the 
volume of the cells was greater in those cases in which the anemia was most 
severe this was by no means always true. The variations in corpuscular volume 
seem to be related to the nature and extent of red cell formation and destruction, 
and especially to the reticulocyte response (unpublished data). 

One of the most important uses of the determination of mean corpuscular 
volume is in the recognition of cases of pernicious anemia in which the anemia 
is slight or moderate in degree. It is well known that at such a stage there may 
be considerable difficulty in diagnosis, especially in those cases in which neuro- 
logic manifestations are present, when confusion with other diseases is not un- 
usual. When the red cell count is greater than three million, the blood smear 
may not be of much assistance in diagnosis and measurement of the diameter 
of the red corpuscles may afford results which must be interpreted as normal or 
so nearly normal that little help in diagnosis is gained. Here the measurement 
of mean corpuscular volume by taking into account changes in all dimensions 
and thereby magnifying many small differences, finds one of its most important 
uses. Haden has pointed out that an increase of 1 micron (13 per cent) in the 
diameter of a red cell is associated with an increase of 44 per cent in its volume. 
In Table IV are recorded the first blood examinations in 19 cases which were 
subsequently proved to be pernicious anemia and in which the red cell count 
Was greater than three million. It is interesting to observe that the magnitude 
of the corpuscular volume was correlated with the proportion of the red cell 
count to the normal value for the sex of the patient rather than to the actual 
Value of the count. The cases in which the red cell count was from three to four 
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TABLE IV 


SIZE AND HEMOGLOBIN CONTENT OF RED CORPUSCLES IN CASES OF 
MopDERATE OR LITTLE ANEMIA 


PERNICIOUS ANEMIA WITH 



































million in females and from three to four and a half million in males, may be 


considered as representing about the same degree of anemia. Nine cases oceur 
In 6 the mean corpuscular volume was 100 e¢. » or higher and 


in this group. 
In 2 cases it was 98 e. » and still dis- 


therefore strikingly greater than normal. 
tinetly above normal and in only 1 case was the mean volume at the upper limit 
of normal values. Again, even when the anemia was very slight (red cell count 
over four million in females and over four and a half million in males) the mean 
corpuscular volume was 94 ¢. » or greater in 5 of 10 eases. It should be borne in 
mind that the values recorded represent only the first determinations in thie 
eases cited, and were carried out for the purpose of differential diagnosis. In 
most instances corpuscular volume determinations were frequently repeated an‘ 
all these subsequent observations showed results consistent with the statements 
above made. Fig. 1 illustrates the consistently high corpuscular volume in 3 of 
these cases observed over a period of three and a half months. 
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It must, of course, be borne in mind that the finding of a mean corpuscular 
volume greater than normal does not in itself justify a diagnosis of pernicious 
anemia. Such a finding simply classes the anemia as being of the macrocytic 
type. This form of anemia is also characteristic of sprue. Macrocytic anemia 
is frequently stated, and rarely found, to occur in association with carcinoma, 
especially of the gastrointestinal tract, pregnancy and syphilis, and is often 
associated with Dibothryocephalus infestation. I have also encountered sev- 
eral instances of macrocytic anemia in association with certain cases of diar- 
rhea of obscure etiology, disease of the liver, aplastic anemia, and anemia of 
acute blood loss. Such findings, however, are unusual. 

In response to treatment with liver and the pernicious anemia liver ex- 
tracts, more and more red corpuscles of normal size appear and eventually when 
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Fig. 1.—Three cases of pernicious anemia observed over a course of three and a 
half months demonstrating increased mean corpuscular volume in spite of slight degree of 
anemia. Both mean corpuscular volume and red cell count are represented in proportion to the 
normal. The shaded area represents the range of normal. 


the blood count has reached normal, normal or high normal values are en- 
countered for mean corpuscular volume. This is true for sprue as well as for 
pernicious anemia.*° 

Alterations in mean corpuscular hemoglobin are similar to those described 
for mean corpuscular volume. They may, however, be of less magnitude. For 
this reason, determination of mean corpuscular hemoglobin may be of less 
value than the caleulation of mean corpuscular volume. Furthermore, volume 
(determinations are less open to error since the accuracy of the hematocrit is 
much greater than that of the majority of hemoglobin methods. 

Hypochromic Microcytic Anemias—In most types of anemia mean cor- 
puseular hemoglobin concentration remains normal or at least little reduced. 
This is as much true of the simple microcytie forms associated with chronic, 
toxic, and infectious diseases as of the macroeytic anemias. There is a group 
of anemias, however, in which mean corpuscular hemoglobin concentration is 
significantly reduced. This group is also characterized by microcytosis and I 
liave therefore suggested the term ‘‘hypochromic microcytic’’ anemia to dis- 





910 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


tinguish this group from the anemias in which there is microcytosis without 
hypochromia (simple microcytie anemia) .** 

It is characteristic of this group to find a low mean corpuscular volume 
(70 to 55 e. w). Mean corpuscular hemoglobin is, however, more than propor- 
tionately reduced (20 to 14 vv) so that the mean corpuscular hemoglobin con- 
centration is distinetly low (29 to 21 per cent). This is in striking contrast to the 
findings in other types of anemia (Table V). Measurement of the diameter of 


TABLE V 
S1zE AND HEMOGLOBIN CONTENT OF ERYTHROCYTES IN VARIOUS TYPES OF ANEMIAS 








TYPE OF ANEMIA MEAN CORP. MEAN CORP. MEAN CORP. HBG. MEAN CELL 
VOLUME HBG. CONCENTRATION DIAMETER 
Cc. % 





Macrocytic 95-160 -52 31-38 





Normocytie 80- | 27-32 33-38 





Simple Microcytic 72- 22-2 31-38 





Hypochromie Microcytie 50- 





the erythrocytes is of less value for, although the Price-Jones curve shows a 
broadened base, the mean diameter is usually little reduced and may even be 
within normal limits.** *° 

Miecroeytosis with hypochromia commonly occurs as the results of chronic 
blood loss and is characteristic of the achlorhydrie anemia described by Faber,” 
Witts,** Kaznelson,”° and others.** Hypochromie microcytic anemia is not always 
associated with achlorhydria, however, but is common in persons who have par- 
taken of a diet defective in hemoglobin building substances over a long period 
of time. This type of anemia probably occurs whenever there is a lack of hemo- 
elobiniferous substances in the diet, when these substances are improperly ab- 
sorbed or utilized, or when there is excessive drain on the hemoglobin content of 
the body as in chronic blood loss. 

It is in this type of anemia that large doses of iron are so spectacularly ef- 
fective. Under such treatment more and more e¢ells of normal size and hemo- 
globin content appear, the mean corpuscular volume and mean corpuscular hemo- 
globin concentration gradually rise, and finally normal values are attained. 
Pernicious anemia liver extract is valueless in these cases and even whole liver 
seems to have little effect. Here again, then, the determination of the size and 
hemoglobin content of the red corpuscles is of value, for it not only facilitates 
diagnosis but affords information which is of great value in indicating the ap- 
propriate type of therapy. 

CONCLUSIONS 

1. The differentiation of pernicious and other forms of macrocytic anemia 
and of anemias characterized by microcytosis and hypochromia from other 
forms of anemia is not only of academic and diagnostic interest but is essential 
in the guidance of appropriate treatment. 


2. Such differentiation is best made, from the standpoint of simplicity and 
accuracy, by the caleulation of the volume and hemoglobin content of the red 
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corpuscles. These calculations, when combined with the simple examination of 
the blood smear, yield more information at the expense of much less effort than 
is entailed in the measurement of the diameter of the red corpuscles. 
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THE SICKLE CELL PHENOMENON® 


Tue RATE CF SICKLING IN Moist PREPARATIONS 


L. W. Diees, M.D., Memputis, TENN. 


| aha was first directed to the phenomenon of sickling in 1910 when 
Herrick! reported the presence of ‘‘peculiar, elongated and sickle-shaped 
red blood corpuscles’’ in both fixed and moist preparations from a case of severe 
anemia. Emmel* in 1917 observed that there was an increase in the number of 
sickled cells when the blood from a case of sickle cell anemia was left standing in 
sealed coverslip preparations. He also demonstrated the delayed appearance of 
sickled erythrocytes in the blood of the nonanemic father of the active case. 
Huck* in 1924 noted that the sickled cells assumed a spherical form in from three 
days to six weeks. Since that time, numerous experimental observations have 
been made on the sickle cell phenomenon, most of which have been based on the 
behavior of red celis in whole blood or in various solutions when sealed under a 
coverslip. A review of the now rather extensive literature reveals that many 
figures have been given for the percentage of sickled cells appearing in a given 
case in a given time, but no systematic study has been reported as to the rate of 
sickling over the entire course of the process. There has been disagreement as to 
the comparative speed of sickling in sickle ce!] anemia cases and in cases showing 
the capacity for sickling under suitable conditions, but without the characteristic 
hemolytic anemia. The reliability of moist preparations as a method for further 
experimental work has yet to be established. 

In this article, the observations and discussion will be limited to the rate of 
sickling in moist preparations, to a comparison of the rates in different clinical 


eroups, and to an analysis of some of the sources of error in the method. The 
reader is referred to recent comprehensive reviews of the literature by Graham 
and MeCarty,* Steinberg,’ and Yater and Mollari® for a discussion of other 
phases of the problem, and for a complete bibliography. 


METHOD 

Moist preparations were made by taking a drop of blood from a finger punc- 
ture on a new alcohol cleaned, No. 1 coverslip, inverting on a new, alcohol cleaned 
slide, and allowing the drop to spread without pressure except for the weight of 
the cover glass. The edges of the coverslip were rimmed with vaseline, using a 
small brush. The preparations were examined immediately, at two- to four-hour 
intervals during the first twelve hours, and at longer intervals thereafter. The 
number of readings are indicated by the points on the charts. The preparations 
were all kept at room temperature. Those which showed evidences of drying ai 
the edge of the drop were interpreted as having insecure seals and were dis- 
carded. Preparations with air bubbles trapped within the drop were not used. 


*From the University of Tennessee Medical School, Pathological Institute, Memphis, 


Tenn. 
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No attempt was made to record the percentage of sickling after hemolysis became 
evident or in slides in which the cells were fragmented. The percentage of 
sickled cells was determined for each reading by counting one hundred cells, 
using the high power objective, and noting the number of cells in this group 
having definite, pointed projections. The personal equation in the interpretation 
of what constituted a sickle cell was the same throughout the study, for the read- 
ings were all made by the writer, with the exception of an occasional count done 
under direct supervision. Where sickling was not uniform throughout the 
preparation, the pereentage was determined on the basis of an average between 
the most sickled part of the field and the least sickled. In order to compensate 
somewhat for the variations in preparations from the same patient made under 
supposedly identical conditions, most of the readings were made on three or more 
moist preparations, and the average of these curves taken as .representative of 
the individual. 

In the selection of eases to represent the types designated as sickle cell 

















Fig. 1.—Microphotograph of a moist preparation from a case of sickie cell anemia, show- 
ing the characteristic bizarre and pointed forms. 


anemia and sicklemia, the following criteria were used. The sickle cell anemia 
patients were all negroes having a marked anemia, characterized by definite blood 
destruction manifestations (jaundice, increased icteric index, urobilinuria) and 
an associated regenerative picture (immature erythrocytes, increased reticulocyte 
counts, leucoeytosis, thrombocytosis, ete.). They all gave a history of previous 
attacks of ill health, of joint and abdominal pains, and of leg uleers. At the 
time the studies were made, they were patients in the hospital with the classical 
anemia and febrile symptoms associated with the active phase of the disease. 

The sicklemia patients were taken at random from a series of cases found to 
have the sickle cell trait when a survey was done to detect this anomaly. (This 
survey now includes the examination of 827 negroes, with an incidence of 8.2 
per cent.) These patients had no history, signs, or blood picture suggestive of a 
hemolytic anemia. Although complete blood studies were not done on the eases 
in this group, stained smears and reticulocyte counts revealed no evidence of ab- 
normal erythropoiesis. 
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One patient, a borderline case, who on admission showed the blood and elin- 
ieal picture of sickle cell anemia, but who later presented no evidence of an active 
hemolytic process does not fit either group, and the curves for this case are given 
separately. 

OBSERVATIONS AND DISCUSSION 


The rate of sickling in 13 cases of sicklemia is given in Fig. 2. In two of 
these patients, the curve is taken from only one preparation, but in the others, 
three or more preparations are used in arriving at the composite curve for each 
individual. In Fig. 3 the rate of sickling in five cases of sickle cell anemia is 
represented. In each series the total number of preparations examined was 39. 
The average rates of sickling from these two groups are compared in Fig. 4. 


SICKLING IN MOIST PREPARATIONS FROM SICKLEMIA PATIENTS 
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Fig. 2.—The rate of sickling in moist preparations from 13 cases of sicklemia. 


From these observations, it is evident that in our series, sickled erythrocytes 
are often observed in moist preparations from sickle cell anemia patients as soon 
as the preparations are made, but are never present immediately in sicklemia 
patients. Moreover, the rise in sickling occurs sooner, and the total number of 
erythrocytes sickled at any given period during the first three days is greater. 
\lthough the return to the spherical form was not followed over a long enough 
period to compare adequately the speed of the rounding-up process in the two 
series, the tendency is for the percentage of sickled cells in both groups to de- 
‘rease after twenty-four to thirty hours, with a sharper fall in the sickle cell 
nemia group. 

These findings are in agreement with those reported by Huck,*® who noted in 
vatients with severe, mild, and with no symptoms, that the sickling percentage 

















JOURNAL OF LABORATORY AND CLINICAL MEDICINE 





THE 










SICKLING IN MOIST PREPARATIONS FROM SICKLE CELL 
ANEMIA PATIENTS 









100 









90 
80 


70 


CELNT 






60 








PER 


SO} / 





40} / 









50 


SICKLING 
















50 40 5O 60 


HOURS 


3.—The rate of sickling in moist preparations from 5 cases of sickle cell anemia. 
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Fig. 4.—A comparison of the average rates of sickling in moist preparations in sicklemia 
and in sickle cell anemia cases. 
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was almost 100 per cent, 75 per cent, and 25 per cent respectively. Other workers 
have noted the same differences in anemic and nonanemie cases.2>7 The com- 
monly observed fact that sickled cells are often found in smears from sickle 
cell anemia patients, and are not present in sicklemia patients is also in agree- 
ment with these findings. 

Other observers, however, have failed to correlate the speed of sickling with 
the clinical state. Cooley and Lee* did not find that sickled cells oceur more 
readily or in greater proportion in the blood of a sickle cell anemie child with a 
mild grade of hemolytie jaundice than in other children without symptoms. 
Stewart’ stated that there is no ‘‘relation between the severity of the clinical 
picture and the percentage of sickled cells present.’’ Hahn’? noted that although 
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Fig. 5.—The rate of sickling in moist preparations from a mild case of sickle cell anemia, 
made at various times during a period of improvement. 


sickle cell anemia patients have sickled cells in their circulating blood, ‘‘there is 
no difference in the ability of the red corpuscles of anemie and nonanemie sub- 
jects to form sickle cells outside of the body under suitable conditions. ’’ 

In the interpretation of these seemingly contrary observations certain fae- 
tors must be taken into consideration. The frequent finding of 100 per cent 
sickled cells after a sufficient interval of time in individual preparations from 
sicklemia patients as well as from cases of sickle cell anemia indicates that the 
capacity of the cells to sickle in the two elinical types under suitable conditions 
may be the same. In the moist preparation, however, it is not a question of how 
nany cells could sickle under ideal sickling conditions, but what percentage of the 
cells assume bizarre forms under the conditions of the moist preparation. Also 
the variability of individual preparations and conclusions drawn from a few 
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observations may lead to false ideas as to the average reaction. Another, and 
probably a very important factor is that patients with sickle cell anemia vary 
considerably in their speed of sickling, and that mild eases or those with a tempo- 
rary anemic episode of a hemolytic type may give the sickling charactertisties of 
the inactive group. Conclusions drawn from such a case would not hold for the 
more chronie cases. 

The rate of sickling in such a mild ease of sickle cell anemia is represented 
in Fig. 5. The patient, a negro girl of three was admitted with an erythroblastie 
type of anemia, with numerous nucleated red blood cells, a high reticulocyte and 
leucocyte count, and with an increased icteric index, ete. There were no typical 
sickled cells in the fixed smear, and the sickled cells in the moist preparations ap- 
peared slowly and in low percentages. The patient improved clinically, her 
hemoglobin and red blood cell count rapidly increased, the reticulocyte count 
dropped, and the immature erythrocytes disappeared from the blood picture. 
Series of moist preparations made during this return to the sicklemia type of 
condition showed no significant changes in the sickling rate. Although there 
persisted a low grade of anemia of the defective formation type, the patient after 
returning home showed no more elinical or actual evidence of anemia than a 
brother and a sister who likewise possessed the sickle cell trait, or another brother 
whose cells did not sickle in moist preparations. (The studies on this case dur- 
ing the active phase, were made during the extremely hot summer months when 
vaseline was a liquid and paraffin was necessary as a seal. This may have in- 
fluenced the results, but we have noted no difierence in the use of these two kinds 
of seals in other eases. ) 

Although the evidence is as yet limited, we are definitely convinced from our 
experience with a fairly large group of sickle cell anemia cases that the rate of 
sickling is related, not necessarily to the immediate severity of the anemia, but 
to the chronicity of the anemia. Those with no sickled cells in their circulating 
blood, with a slow rise in percentage and with a low maximum percentage have a 
better prognosis than the ‘‘high-immediate, rapid-rise, high-pereentage’’ group. 

The variability of moist preparations and the unreliability of a single moist 
preparation as representative of the average sickling rate for a given blood, as 
emphasized by Graham* and noted by other investigators, has been amply veri- 
fied in our studies. Preparations quite often show variations in percentage in 
different parts of the same microscopic field. Sickling less than 1 per cent may 
be seen in one preparation while another made from the same patient at the 
same time under similar conditions may show 100 per cent. Sicklemia patients 
are more likely to show a more marked variability than are sickle cell anemia 
eases. In 194 preparations from cases known to possess the sickle cell trait, in 
which the rate of sickling was followed at frequent intervals for three days, 5 
showed no cell changes. Although this is an error of less than 3 per cent, the 
fact that such a thing is possible is worthy of note. Preparations have been ob- 
served which showed no sickling in twenty-four hours, but became positive in 
fairly high percentages in forty-eight or seventy-two hours or longer. The dif- 
ficulties in distinguishing sickled cells from other morphologic changes in 
erythrocytes, such as marked crenation, drying, and fragmentation phenomena 
poikiloeytosis, elliptical cells and changes produced by pressure, may, at times. 
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be great. The present methods do not take into consideration such factors as 
method of collection, exposure to air, size of drop, character of spread, weight of 
the cover glass, hydrogen ion concentration of the blood after placement in the 
sealed preparation, bacterial growth, minor variations in temperature, exposure 
to light, and effectiveness of the seal. The fact that we cannot always produce 
the same curve in the same person is evidence of the presence of as yet uncon- 
trolled factors, and clearly indicates that we will have to consider these sources 
of error in the interpretation of results and in the incidence of sickling as at 
present reported. 

The use of the gas chamber method, as advocated by Hahn and Gillespie" as 
a means of experimental study has in their hands led to the most important 
fundamental observations concerning the sickle cell phenomenon. but in our 
hands it has been cumbersome and unreliable. Weeks spent in attempting to 
develop the technie to a point where it would be usable as a practical measure 
for conducting a survey, met with failure, although the feeble responses we ob- 
tained were in agreement with the findings reported by these workers. Graham,* 
Cooley,’? and Scriver'? have experienced the same difficulty. Others have re- 
ported positive results with the gas chamber method, but have not repeated 
the more detailed observations. 

At the present time, therefore, we lack reliable methods. New procedures 
or a better control of the variable factors in the present methods are necessary 
before the interesting sickle cell anemia problem can be unravelled. 


CONCLUSIONS 


1. The erythrocytes in whole blood in moist preparations from patients 
with sickle cell anemia sickle faster and in a higher percentage than in sicklemia 
patients. 

2. Twenty-four hours is the optimum time for the reading of moist prepara- 
tions but negative readings at twenty-four hours do not eliminate the possibility 
of the sickle cell trait. 

3. The rate of sickling is extremely variable, and conclusions that will be 
representative of the group or of the individual cannot be drawn from single 
cases or from a few preparations. 


Appreciation is expressed for the skilled technical assistance given in this work by Miss 
Juanita Bibb, and for the cooperation of the clinical staff of the Memphis General Hospital. 
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CLINICAL APPLICATIONS OF SUPRAVITAL STAINING* 
Epona H. Tompkins, M.D., NASHVILLE, TENN. 


COMPREHENSIVE definition of supravital staining is difficult. It im- 

plies, in general, the staining of living tissues independent of the organism 
as a whole. Specifically, it is used to indicate the staining of living cells which 
have been removed from the organism, or which are stained after the somatic 
death of the animal. 

The physical and chemical laws which govern the suitability of substances 
for supravital staining are understood only in part. Cappell*® gives an excellent 
definition of the practical working basis upon which this may be determined. He 
states that ‘‘the latter,’’ i.e., supravital methods of study, ‘‘require agents 
which, while not toxie to the cells, are yet capable of producing their maximum 
effect within a few minutes,’’ ete. The fundamental investigations of Schule- 
mann*® concerning the chemical and physical characteristics of vital dyes 
established the fact that a substance must belong in the borderland between col- 
loids and erystalloids in order to be an efficient vital stain. This fact holds rela- 
tively true for supravital dyes. General laws concerning any other factors which 
regulate the suitability of a substance for supravital staining have not been 
determined. So far, the best supravital stains have proved to be weak basic 
dyes. 

Simpson?* made an extensive study of the suitability of a large number of 
both acid and basie dyes as supravital stains for blood. She took into considera- 
tion the toxicity of the dyes, the length of time necessary for satisfactory stain- 
ing, the permanency of the color once staining had been obtained, the specificity 
of the staining for specific granules and for mitochondria, and the suitability of 
the dyes for revealing the vacuolar apparatus. She found that neutral red ful- 
filled the requirements of a satisfactory supravital dye for specific granules and 
phagoeytie vacuoles better than any of the other dyes tested, and that janus 
green B was one of the best stains for mitochondria. Furthermore, she found 
that these two dyes in combination were especially satisfactory for depicting 
contrasts between mitochondria and vacuoles in blood cells. Sabin** also found 
these two dyes wholly satisfactory for the supravital staining of blood, and more 
Satisfactory than the other dyes which she used. Utilization of these two dyes 
by other investigators in the field of supravital staining has yielded equally 
satisfactory results, so that, at the present time, these two stains, either alone 
or in combination, have come to be the chief dyes commonly used in the supra- 
vital study of the blood. They are the only dyes which will be considered in the 
discussion which follows. 

The technic of preparing the slides and solutions and of making the supra- 
Vital smears has been given in detail elsewhere* ° and need not be repeated here. 
In brief, the method consists of flooding clean glass slides with dilute alcoholic 


*From the Department of Anatomy, Vanderbilt University School of Medicine. 
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solutions of either neutral red alone, or of a combination of neutral red and 
janus green. The slides are at once drained and dried, and are then ready for 
use. <A drop of fresh blood is collected on a coverslip, which is immediately 
placed on one of these stained slides. The blood must be allowed to spread by 
capillary attraction and without the aid of pressure. The edges of the prepara- 
tion are rimmed with vaseline to prevent evaporation, and the smear is kept in 
a hot box at body temperature long enough to permit staining. Five or ten 
minutes are sufficient for the staining of the mitochondria. About twenty 
minutes are required for satisfactory staining of the vacuoles and granules. 
Janus green is quite toxic, and it is therefore necessary that blood stained with 
it be studied soon after preparation. It also inhibits, to some extent, the 
staining with neutral red, so that an accurate determination of the size and 
number of the vacuoles must be made with neutral red alone. Furthermore, 
any estimation of the vacuolar activity must take into consideration the 
length of time that the blood has stood in contact with the stain, as the vacuoles 
increase in number, size and Py reaction with time. We have published else- 
where® * the exact requirements for a satisfactory supravital preparation as 
well as descriptions of the appearance of the normal white blood cells when 
freshly stained, and after having stood for various periods of time. These re- 
ports contain very accurate illustrations in color of the cells stained both with 
neutral red alone and with neutral red in combination with janus green. It 
seems wiser to refer any one wishing to study exact descriptions of supravitally 
stained cells to those articles than to attempt at this place a repetition which, to 
be of any value, would have to be lengthy. 

It can be seen from the foregoing brief review of the requirements for satis- 
factory supravital staining that there are some inherent disadvantages in the 
method. At first thought, these may make the method seem impracticable for 
any very general use, especially as some of the disadvantages do not occur in 
other methods of studying blood. 

The chief disadvantage in the method is, perhaps, the fact that the smears 
cannot be kept long and therefore must be studied soon after they are made 
and cannot be saved for future reference or for shipment. The necessity of 
studying them within a given period of time sets an inflexibility that often may 
be difficult to meet. This is especially true if the preparations must be trans- 
ported to any distance. Furthermore, transportation under any condition is 
somewhat difficult, as the slides must be kept flat to prevent flowing of the 
cells to one side of the preparation. In fact, in most cases, the method does not 
lend itself to instances where the blood is to be examined at any great distance 
from the place where the preparations are made. 

The need for a hot box or some other method of keeping the blood at body 
temperature may also at times cause embarrassment. Where the microscope is 
kept in any permanent place and the blood brought to it, this offers no problem, 
as a permanent heating system can easily be set up. It is only in instances where 
the microscope is carried to the blood that there may be difficulty. This difti- 
culty can be met by the use of a portable hot stage. 

Preparation and staining of the smears are without any doubt simpler and 
less subject to error than is the ease with fixed smears; but the preliminary cle? 1)- 
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ing of the glassware is somewhat time-consuming. For properly made fixed 
smears, to be sure, the coverslips need as careful cleaning as for supravital 
preparations. But in the latter case, the slides must also be subjected to the 
same careful attention. Since it is as easy to clean and stain a larger number of 
slides as a few, the time required for their preparation can be materially mini- 
mized by the preparation of a large supply. They ean be stored indefinitely if 
kept away from dust and grease. 

More time and skill are necessary in learning to use the supravital method to 
its full advantage than is the case with methods of fixed staining. This is simply 
because the method depicts more cytologic factors and permits of the detection 
of more modifications in those factors than do other methods. For simple dif- 
ferential counting the method may be learned as quickly as any other, but for 
detection of all the possible pathologic modifications that may be observed in the 
various factors that stain supravitally and for their interpretation, considerable 
time and experience are necessary. It is much like the fact that it does not take 
long to learn the name and appearance of an intricate machine, but it requires 
considerable experience to learn all of the uses to which it may be put, and 
all of the factors that may go awry with it. The supravital method of staining 
blood offers a tremendous range of factors for study. 

There is one fact, however, which may offer difficulty for even routine dif- 
ferential counting. This is the fact that nuclei do not stain and therefore do 
not aid in the rapid detection of the nucleated cells within the field of vision. 
This is of no significance in the detection of the granulocytes and monocytes, 
since their granules and vacuoles, respectively, make them conspicuous. It does, 
however, make detection of lymphocytes and nucleated red cells more difficult 
than with fixed staining, where the nuclei are prominent. In the ease of the red 
cells this is true with both the single and double staining. In the case of the 
lymphocytes, it is true only with the single stain, since mitochondria aid in the 
detection of lymphocytes with the double staining. To a trained observer the 
lack of nuclear staining is not a source of error, as both lymphocytes and 
nucleated red cells are easily visible in a supravital field when the source of il- 
lumination is properly adjusted and the smears are thin enough. Moreover, in 
most instances, especially if the preparation has stood twenty or more minutes, 
the lymphocytes contain a féw tiny vacuoles of neutral red which serve to bring 
them to the observer’s attention. 

Another objection to the use of the supravital technic in the study of blood 
is the fact that basophilia and stippling cannot be detected as such. Key'® 
has shown that the material, which can be demonstrated in young red cells by 
the appropriate use of certain supravital stains, is the same substance which 
appears as stippling and basophilia in fixed smears. Reticulation may appear 
in some of the red cells in a supravital preparation after they have stood in con- 
tact with the stain for a considerable period of time; but for any accurate esti- 
mation of reticulation a concentration of neutral red must be employed which 
is 100 great to be compatible with the life of the cell, and therefore with supra- 
Vital staining. 

Parasitic inclusions (in particular, malarial parasites) also do not stain in 
supravital preparations until after a long exposure to the dye, and therefore 
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at the time of the differential count. 
are very prominent. 

the foregoing list of the disadvantages of the supra- 
are the impermanency of the preparations, 
after they are made, the impracticability of 
transporting them, and the difficulty of detecting parasitic inclusions and certain 
pathologie features in circulating red cells, i. e., nuclei, stippling, basophilia. 





When they do 


In a consideration of the use of any particular technic, it seems reasonable 


to consider its advantages and the information obtained from its use, as well as 


its disadvantages, and to contrast these with the advantages, disadvantages and 


information inherent in other related technics. 
technic for the study of blood, a number of cytologic characteristics can be 
demonstrated which cannot be seen in fixed preparations. . Furthermore, some 


In the case of the supravital 


of the characteristics which can be seen in fixed preparations appear in a some- 


what different manner in fresh preparations. 


It is necessary to know wherein 


the cytologic features presented by the two methods vary, and in what clinical 
conditions any particular set of features is of importance before one can draw 
any conclusions as to the technic of choice for the study of blood in general, 


or in any particular instance. 


In supravital preparations the cells are living and may be considered more 
or less in the physiologic state in which they occurred in the body at the 


time that they were withdrawn. 
the preparation is examined after it has been made. 


This statement, of course, holds true the sooner 
For that reason it is con- 


sidered important to study the cells as soon as they have taken sufficient stain to 


bring out their eytologie features. 
from twenty to thirty minutes after preparation of the smear. 


As has been mentioned elsewhere, this is 
It is obvious 


that a study of any physiologic characteristics that can be made observable might 
be of diagnostic and prognostic aid wherever pathologie states of the host cause 
modifications in those characteristics, or where the cells are inherently patho- 


logic in themselves. 


The important physiologic factors which are demonstrated by the supra- 
vital technic, and are not demonstrated in fixed preparations, consist of motility, 


mitochondria and the vacuolar apparatus. 


The motility varies in rate and char- 


acter in the different types of cells, and therefore can be used to help in their 


differentiation. 


The rate of motility in all of the cells is subject to considerable 


variation due to trauma in making the smears, to the temperature at which the 
smears are kept, to the age of the cell, to pathologie conditions of the cell, and 


finally to factors in the environment which are not understood. 


Obviously, 


where any activity may be affected by so many factors, and where those factors 
are only partly controllable, decisions based upon that activity can be made only 


with reservation. 


In the case of cellular motility, therefore, the increased or de- 


creased activity, of any strain of cells, can be judged only in relation to 


the activity of other cellular types in the same smear. 


So far as has been 


reported, there is no evidence that the form of motion in any given type of cell 


changes. 


It is merely the rate of activity which seems to be modifiable. In the 
differentiation of cellular types, the absence of motility is of very little signifi- 
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cance, as cells may remain quiescent for long periods. The presence of motion, 
on the other hand, may be of considerable assistance. This is especially true in 
the case of the mononuclear cells. Cunningham, Sabin and Doan*® found that 
both monocytes and lymphocytes were motile, while, on the other hand, they 
never observed movement of myeloblasts or of myelocytes until the cells had 
practically become adult polymorphonuclear cells. 

The staining of the vacuolar apparatus in blood cells is perhaps the most 
valuable feature demonstrated by the supravital technic. The aid offered by 
the vacuolar apparatus in the differentiation of mononuclear white blood cells 
has received considerable attention; but the importance of the modifications 
within the vacuolar apparatus under various pathologic conditions is just be- 
ginning to receive recognition and to be considered of diagnostic or prognostic 
help. The staining of the vacuoles in monocytes is particularly prominent, and 
particularly subject to modifications. Simpson and Sabin showed that the 
vacuolar apparatus in the monocytes is very distinctive and serves as an ac- 
curate differentiation of monocytes from lymphoeytes or from young mono- 
nuclear cells of other series. They stressed the number of vacuoles and the 
ground glass appearance of the cytoplasm in the monocyte as offering a marked 
contrast to the few vacuoles and the clear hyaline-like cytoplasm of the lympho- 
cytes. To these major features in the characterization of the monocyte, Sabin 
added the size and arrangement of the mitochondria, the quality of the unstained 
nuclei, and the tendency to rosette arrangement of the vacuoles. Cunningham, 
Sabin and Doan, and Cunningham and Tompkins** agreed in the main with 
their descriptions, but showed that there is considerable pliability in the vacuolar 
arrangement dependent on whether the cell is rounded up or in motion, All 
of these authors found a much more extensive vacuolar apparatus in the mono- 
eytes (i. e., both more and larger vacuoles) than in the lymphocytes. While 
there has been no disagreement with the descriptions of monocytes given by the 
above authors, various reports show that the individual characteristics of the 
monocyte are not specific to that cell alone, but may be observed in other mono- 
nuclear cells of the blood when supravitally stained and cause confusion in their 
differentiation. The possibility of confusion between monocytes and lympho- 
cytes has been particularly stressed. Bloom? studied the mononuclear cells in 
the blood and tissues of rabbits following experimental irritations. He found 
many cells which exhibited various stages of vacuolar activity and in which 
differentiation between lymphocytes and monocytes was impossible. Lawrence 
and Todd'* studied the blood in various clinical conditions in which the lympho- 
evtes were admittedly involved, and found many lymphocytes which had such 
all overactive vacuolar apparatus that they could not be differentiated from 
monocytes on the basis of the vacuolar apparatus alone. Hall’* published a very 
careful and eritieal review of the hematologic literature concerning the results 
ol supravital staining. In particular, he examined the evidence dealing with 
the value of the supravital technic in the differentiation of monocytes. He 
concludes that the method does not help in the differentiation. Among other 
factors which led him to this conclusion was the extreme modifiability of the 
vacuoles and the ease with which their character is changed by pathologic and 
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environmental conditions. As reports of supravital studies of pathologic cases 
appear, the extent to which the vacuolar apparatus may be modified becomes 


more evident. At the same time, the probability arises that this liability of the 
apparatus may be of great value in differential diagnosis. Sabin showed that 
the vacuoles of the monocytes in Malta fever varied considerably. Wilson and 
Cunningham,*° Rucks and Cunningham** and Lawrence, Josey, and Young’ 
found all stages of development of the vacuolar apparatus in cases of monocytic 
leucemia. Cunningham and Tompkins,’ Blackfan and Diamond and Rogers* 
reported specific changes in the vacuolar apparatus of the monocytes in tubercu- 
losis. Comparable variations have been observed in the vacuolar apparatus of 
lymphocytes under various pathologie conditions.*® '* Tompkins and Cunning- 
ham? have reported a variety of conditions in which they found modifications 
in the vacuolar apparatus of either monocytes, lymphocytes or granulocytes. In 
all of these reports, the modifications of the apparatus were regarded as spe- 
cifie to the pathologie conditions in which they occurred, and while they rarely 
offered any confusion in the differentiation of the cells, they were found to be 
of assistance in diagnosis. 

The third factor of major importance demonstrated by the supravital 
technie in the study of blood cells is the staining of the mitochondria. Mito- 
chondria, of course, have been demonstrated by methods of fixed staining, but 
these have not permitted of the simultaneous study of a sufficient number of 
other cytologic features. The simultaneous staining of the mitochondria and 
vacuoles in supravital preparations has a value that studies of the mitochondria 
alone in fixed preparations do not offer. It is obvious, in the first place, that 
simultaneous observation of a number of factors within a cell is preferable to 
the necessity of separate observations in different cells of the same type. 
Furthermore, it is obvious that there is less distortion of the intracellular in- 
clusions in stained living cells than is likely after even the most felicitous 
fixation. As the size, shape, and arrangement of the mitochondria have been 
considered as important as their number in cellular differentiation, this feature 
assumes considerable value. Even under the conditions of supravital study of 
the mitochondria by the use of janus green, there has been found to be con- 
siderable variation in their number and form from cell to cell of a given type. 
Cowdry* observed that mitochondria are extremely sensitive to physiologic and 
pathologie conditions. Despite their normal variations, however, there has been 
found sufficient similarity in the mitochondria in any one type of cell and suffi- 
cient difference in the mitochondria between types for a differentiation of blood 
cells to be made which is based partly on the mitochondrial pattern. This is espe- 
cially true when neutral red is used in conjunction with janus green. By the use 
of these two dyes, together, Simpson and Deming?* and Sabin, Austrian, Cun- 
ningham and Doan* were able to trace the development of granulocytes from 
myeloblasts through successive stages to the mature polymorphonuclear cells, 
and to define the myeloblasts and young myelocytes with a certainty not 
previously obtained. With the same technic, Cunningham, Sabin and Doan fol- 
lowed the development of leucocytes, lymphocytes, and monocytes from their 
stem cell. They discovered very useful and consistent differences in the cytologic 
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patterns of the young cells of each series which have made it possible to dis- 
tinguish them from each other, and from mature myelocytes, lymphocytes and 
monocytes. As in the case of the vacuolar apparatus, the variations which may 
occur in mitochondria, due to both physiologic and pathologie causes, may be 
of considerable diagnostic and prognostic assistance rather than a source of 
confusion. Cowdry realized this and discussed the probable importance of the 
sensitivity of mitochondria to pathologic changes. Taken alone, without con- 
sideration of the other cytologic factors stained by neutral red, the character 
of the mitochondria in the different cells and their modifications might well 
cause confusion. Studied in combination with other factors, the mitochondria 
are invaluable. In fact there are a considerable number of conditions in which 
the mitochondria have been found to be specifically characteristice.*® 1% 2° 

From the foregoing remarks it is obvious that supravital staining permits 
of observations of motility, vacuolar apparatus and mitochondria, and that 
these three factors are subject to modifications under various environmental, 
physiologic, and pathologie states. Despite the modifications, the pattern of 
these three factors in each type of cell seems sufficiently characteristic to be of 
distinct value in the differentiation of these cells. The aid obtained in cellular 
differentiation is of especial value in the case of the young mononuclear cells. On 
the other hand, the modifications in the mitochondria and vacuolar apparatus 
are sufficiently specific to the conditions which elicit them for them to be of aid 
in the differential diagnosis. 

In addition to these three major factors brought out by the supravital 
technic, there are various other factors which may be observed with other 
technies, but which at times may be more accurately measured in the living eells. 
These include measurements of the diameter of cells, abnormalities in the shape 
of cells, the color of red cells, and the presence of any cytoplasmic inclusions, 
such as fat, which might be destroyed with fixation. The distortions in the shape 
of cells which often occur in pulled smears are avoided in living preparations, 
where the cells are free to assume their natural shapes. This feature has its 
greatest importance in the detection of sickle shaped red cells, which Lawrence*® 
found to be more reliably distinguished in fresh than in fixed preparations. The 
production of ‘‘smudges’’ which often results from the trauma of pulling smears, 
especially in pathologic bloods with very fragile cells, is also avoided in supra- 
vital preparations. It is obvious that the elimination of smudges adds to the 
accuracy of the differential counts, and of the detection of pathologie cells. 

Estimations of the color of red cells can be made with extreme accuracy in 
supravital preparations in which basophilia and variations in the intensity of 
stain do not interfere with the color due to the hemoglobin alone. In addition, it 
is easy to detect the faint traces of hemoglobin which occur in the very young 
red cells, and which are concealed by intense basophilic staining. The detection 
of hemoglobin simplifies the differentiation of very young red cells from young 
white cells. 

Tompkins and Cunningham found that fat occurs occasionally in the white 
blood cells under certain pathologic conditions and may aid in diagnosis or 
prognosis. They found that in extremely toxic infections, and especially in 
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moribund states, the polymorphonuclear neutrophiles may contain highly re- 
fractive, unstained droplets which they consider to be fat. In two cases of 
generalized lymphosarecomatosis they found similar droplets in the lymphocytes. 
Cunningham, Sabin, Sugiyama and Kindwall® found that fat was consistently 
present in degenerating epithelioid cells. 

From this review of the important features connected with the supravital 
technic, one is in a position to analyze the conditions in which the specifie in- 
formation obtained from supravital staining is likely to be of help in diagnosis 
or prognosis. It has been shown that the method is of value first in the differ- 
entiation of mononuclear cells of various types, including the young forms of 
the different strains of white blood cells; and secondly, in showing qualitative 
differences in any single type of mononuclear cell. In this latter respect, the 
method is particularly helpful in depicting qualitative changes in the lympho- 
cytes and monocytes. Therefore, the method is likely to give assistance in any 
condition involving the mononuclear cells. This is true, whether it is a condition 
involving the lymphocytes or monocytes, or a condition associated with the ap- 
pearance of voung cells. 

In the case of diseases involving the lymphocytes, it has been found that 
the increases in those cells in certain diseases, such as pertussis,‘’ lymphocytic 
reactions to sepsis,*”'* and tuberculosis,’ are due to cells that are normal in 
every respect, while other diseases are characterized by the appearance of 
lymphocytes which stain in the manner of young cells. The infections of child- 
hood, typhoid fever, malaria, and measles*® are the common conditions in which 
young lymphocytes may be found. On the other hand, the lymphocytes in in- 
feetious mononucleosis are different from either normal or young cells.*® 1* *° 
The lymphocytes of lymphatic leucemia have been shown to exhibit characteristic 
changes in mitochondria, vacuolar apparatus and nuclei which help to differ- 
entiate them from other conditions involving the lymphocytes, as well as from 


29 


other mononuclear cells.*°: ** 

Supravital staining has proved especially valuable in diseases involving 
the monocytes, because it has aided not only in the detection and differentiation 
of these cells, but has revealed sufficiently characteristic changes in them in a 
number of pathologie conditions for the modifications to be of value in diagnosis. 
Morriss and Tan,*° Cunningham and Tompkins,” ** Blackfan and Diamond,' 
Rogers”? and Finner" have found the monocytic count and the relationship of 
monocytes to lymphocytes to be specifically involved in tuberculosis. Sabin 
found the monocytes numerically and qualitatively changed in Malta fever. Mul- 
ligan® and Tompkins and Cunningham found them affected in malaria. The 
latter authors found them stimulated in their capacity to store dye in a group 
of conditions with associated hepatic disturbances, and also as an accompani- 
ment of pyogenic infections. They also found them depressed in their capacity 
to store dye in conditions associated with anemia. The diagnosis of a third 
type of leucemia, i. e., monocytie leucemia, has been made more certain by 
supravital blood studies.*’ ** ** As a result of these studies it has been possible 
to accurately differentiate the condition from lymphatic and myelogenous 


leucemia. 
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In fact, in the leucemias in general, supravital staining with the double 
stains has proved of tremendous value in the separation of the three main types, 
and in the classification of those types according to their chronicity. Detailed 
descriptions have been published of myeloblasts and myelocytes at various 
stages of maturity in the blood of cases of myelogenous leucemia, and the points 
have been discussed by which they may be differentiated from other mononuclear 
cells.°* *°?° It has been found that myeloblasts and very young myelocytes 
characterize the more acute stages of the disease, while late myelocytes are 
characteristic of the more chronic stages.***" It has also been found that an 
accurate estimation of the number of young myelocytes, compared to the number 
of late myelocytes, is of help in distinguishing severe reactions to pyogenic in- 
fections from aleucemic stages of myelogenous leucemia.*” 

It is impossible to lay down dogmatic rules as to when any one method of 
studying blood should be employed. There are times, as every one knows, when 
a number of methods are necessary to give enough information for diagnosis. 
There are times when any satisfactory method will give all of the necessary in- 
formation. In regard to the use of the supravital technic, it would seem as if 
its value in the analysis of mononuclear cells should, wherever possible, make 
the technic a routine in all diseases involving the lymphocytes and lymphoid tis- 
sues, in all questions of leucemia of any sort, and in all conditions in which the 
number or character of the monocytes have been shown to be of diagnostic aid. 
These latter conditions include tuberculosis, malaria, anemias and conditions 
accompanied by hepatic disturbances, such as arsphenamine toxemia, catarrhal 
jaundice, and Malta fever. 

Besides these special cases, when supravital studies seem routinely in- 
dicated, the method should ‘also be employed, in addition to fixed staining, 
wherever fixed staining has given indications of abnormalities of the mono- 
nuclear cells, or of the presence of young white cells. 

In the study of anemia, the method can also be profitably employed at times 
for accurate estimations of the color of the red cells, as well as for determina- 
tions of the size and shape of the cells, and for detection of the very young red 
cells, the megaloblasts. It is especially indicated where there is any question of 
the presence of sickle cells. 

In the course of acute infections, the method is useful in differentiating the 
infectious conditions from aleucemic myelogenous or lymphatic leucemias. In 
addition, in infections, the method may give information concerning the toxicity 
of the infections, and concerning the activity and youth of the granulocytes, and 
therefore of the regenerative powers of the marrow. 

With the exception of the above conditions, when supravital studies seem 
specifically indicated, there is no reason to prefer them. Fixed preparations 


are of course necessary when permanent smears are desired. 

In addition to the use of the supravital technic in the study of blood, the 
method offers some distinct advantages in the study both of body fluids, and of 
scrapings of various tissues. The possible applications of the method in these 
directions have but just begun to be investigated and very little has as yet been 
published coneerning such studies. Cunningham and Tompkins’ found that 
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supravital studies of tuberculous exudates showed great numbers of epithelioid 
cells and were of diagnostic importance. MeJunkin'® made supravital studies 
of the lymphoid tissues in Hodgkin’s disease. Forkner'*: '* made an extensive in- 
vestigation of both normal lymph nodes and nodes from various pathologie con- 
ditions, ineluding lymphosarcoma, Hodgkin’s disease, lymphatic leucemia, and 
tuberculosis. He devised a very simple method for biopsy extraction of enough 
material from the nodes for supravital studies, and found sufficiently char- 
acteristic changes in the tissues under the different pathologic conditions to en- 
courage further investigation and a restricted application of his methods to 
selected cases. Doan'’ applied the method to the study of marrow from eases 
of pernicious anemia and obtained invaluable information concerning the phago- 
cytiec cells and the regeneration of the red cells. 

The technic for such studies is essentially the same as that for blood. The 
strengths of the dyes which give the most satisfactory results vary according to 
the tissue to be studied. Injury to the cells must be avoided in making the prep- 
arations. Smears of fluids are made in the same manner as those of blood. 
Smears of tissue scrapings are also made in the same manner whenever they are 
moist enough in themselves to permit of spreading. Pieces of solid tissue must 
be carefully avoided and pressure is fatal to the cells to be studied. Where the 
tissues are not sufficiently moist to spread normally, the scrapings may be mixed 
with a drop of homologous serum and smears made from the mixture. Saline 
solutions are not suitable for this purpose, as they cause too great an edema of 
the cells, with a consequent distortion of the cytologie figures. 
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HEMOPHILIA* 


C. A. Miuus, M.D., CINcINNATI, OHIO 

EMOPHILIA is a condition characterized by a delayed clotting time of the 
blood and a history of repeated hemorrhages, which is found only in males 

but is transmitted through the female as a sex-linked character. Thus, it will 
not appear in the children of a hemophilic man but may be transmitted by his 
daughters to appear in their sons. The disease will not appear in the sons of any 
male descendant of a hemophiliae (except in case of intermarriage between two 
such families) but may crop out at any time in the sons of the female de- 
scendants. This law of hereditary transmission of the disease was first promul- 
gated by Nasse in. 1820' and has since then received repeated verification, 
especially by Bulloch and Fildes? in their critical investigation of the literature 
of reported family histories. Gates* has very recently given an excellent survey 
of the literature along this line which should be read by anyone particularly 


interested. 

Each hemophilic male, therefore, who marries and has children serves as a 
new starting point of the disease in a hereditary sense. This is well illustrated 
by a family history which I recently presented.t| The drawing of this family 


tree is reproduced here to emphasize the law of transmission of the disease. 
Widespread diffusion of the disease in recessive form, which has taken place 
with the passage of centuries, no doubt accounts for the numerous cases seen in 
which no positive family history is obtainable. There is no way of being certain, 
however, that it does not occur spontaneously. Intermarriage between members 
of different or of the same hemophiliec family usually proves disastrous, as the 
disease at once becomes rather dominant in character. This has happened in 
several of the royal families of Europe through their close intermarriage. 
Etiology —Our knowledge of the origin of the disease is no further advanced 
than it was a century ago. Pickering’ found certain points of similarity be- 
tween hemophilic blood and that of certain embryonic forms, and obtained bene- 
ficial results from liver feeding in two cases. He therefore postulated some kind 
of faulty liver development as a basis for the condition. Marlow® has recently 
repeated Pickering’s attempt at liver therapy in 4 eases, but with no success 
whatever. It is therefore unlikely that the liver is concerned in the disease. 
although it is intimately related to blood clotting factors in other ways. 
Perhaps the most important work so far reported on the etiology of hemo- 
philia is that of Birch.*. Working on the assumption that females of hemophilic 
families must possess some protective factor against the disease, which is lacking 
in the males, she tried ovarian transplants and ovarian extract therapy in hemo- 
philie males. Apparently remarkable success has attended this type of therapy. 
She also went one step further, and tested the urine of hemophilic males for the 


*From the Department of Internal Medicine, University of Cincinnati. 
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small trace of female sex hormone which is usually found in male urine. In her 
five hemophilie cases no trace of this hormone was found. She, therefore, be- 
lieves that the disease is kept in recessive form in the female carriers by the ae- 
tivity of their sexual organs, and that it crops out in certain male members of 
the family because of an entire lack of the small amount of female sex hormone 
normally present in males. Much work remains to be done before her proof is 
complete, for instance whether there are nonhemophilic males who exerete no 
female sex hormone in the urine. 

Pathology.—Most of our knowledge of the pathology of hemophilia is con- 
cerned with the coagulation of the blood. Attempts to show the presence of 
undue friability of the capillaries, or alterations in the coagulative property 
of the tissue juices, have yielded no convincing results. 
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Fig. 1—Genealogy of the Prickett family, with bleeders shown in black. No earlier history 
was obtained. 


The blood exhibits as its major abnormality a prolonged clotting time. This 
may vary anywhere from normal limits up to several hours, depending on the 
severity of the condition and the time at which the blood is taken. One person 
may show wide fluctuations of his clotting time at different periods of the year, 
at one time being apparently normal and a few weeks later going into a severe 
hemorrhagic state with greatly delayed clotting. This marked variability in 
the clotting time is characteristic of the disease and should always be kept in 
mind. The bleeding time from a stab wound in the finger or ear is usually 
normal,* *-?° although at times it becomes greatly prolonged if the wound be 
treated a bit too roughly. The cellular elements of the blood are normal in echar- 
acter and amount except for the secondary anemia, following severe bleeding. Re- 
covery from this anemia is usually very prompt. The blood platelets are normal 
in number and size but exhibit a delayed clumping and disintegration which has 
been considered by some workers'® ™ as an important factor in the prolonged 
clotting time. There has been some disagreement’ '* as to whether the platelet 
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material liberated by the disintegration, possesses the coagulative power that it 
normally should. 

Prothrombin of the blood in hemophilia seems to be the only clotting factor 

exhibiting definite abnormality. Howell’! believes that there exists a redue- 
tion in the amount of prothrombin which accounts for the delay in thrombin 
formation and clotting. However, the experiments of Addis'* seem more con- 
elusive, showing only a delay in thrombin prod:iction, with no deficiency in the 
total amount finally formed. Mills'* likewise concluded that the fault lay, not 
in the amount of prothrombin or thrombin, but in the delayed activation of the 
former to the latter. He found prothrombin in hemophilia to be much more 
resistant to activation with cephalin than in normal blood, and that this fault 
was corrected by the induction of a local skin protein reaction. Thrombin of 
hemophilie blood, when once formed, is normal in amount and action. It pos- 
sesses the proper capacity for clotting either normal or hemophilie fibrinogen. 
Blood fibrinogen and calcium have been found normal in amount and character 
by all who have studied them in this condition. The presence of anticoagulants 
in the blood, to account for its delayed clotting, has received much study, but 
again there is almost unanimous agreement. There is no excess antithrombin 
present?” 1% 14, 15,16 17 nor is antiprothrombin increased in amount.’* 7° 

Other pathologie findings in hemophilia usually include marked dental caries, 
with root abscesses, and chronic joint changes. These, however, more properly 
come under the heading of complications of the disease. The only other patho- 
logic condition found is the entire lack of female sex hormone in the urine of 
these patients. The work of Birch’ in this connection needs confirmation by other 
workers and on a larger series of patients. 

Symptoms and Signs.—Repeated severe hemorrhages furnish the outstanding 
feature of the disease. These usually start in early childhood, rarely however 
before two years of age, and continue throughout childhood. Adolescence 
usually brings a measure of relief, and by early adult life the hemorrhages are 
in most cases fewer and less severe. The severity of the bleeding lies not in the 
rate of blood loss, but in its duration. Frequently the loss is only through 
seepage around clots, but the continuance of this for ten days to two weeks brings 
the patient down to a critical level of anemia. It would seem that the only spon- 
taneous means of stopping the bleeding in many eases lies in closure of the 
wound by healing processes rather than through the clotting power of the blood. 
Bleeding most frequently occurs from the gums, with the shedding of the 
deciduous teeth or tooth extraction, from a torn frenum in the mouth, into the 
joints, especially the knees, elbows, and shoulders, and from traumatic injuries 
to any part of the body. Subcutaneous and intramuscular extravasations from 
injury are rather common. Probably the most difficult hemorrhages to control 
are those from the gums and frenum, while those in the joints cause most dis- 
comfort to the patient and lead to the greatest harm through the joint changes 
produced. 

There are no characteristic physical findings in hemophilia except those re- 
sulting from the bleeding tendency. Because of the danger attendant on extrac- 
tion of teeth, together with a rather poor state of nutrition in these persons, 
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dental caries is usually marked and root infections are common. Joint de- 
formities with varying degrees of limitation of motion are common. Anemia 
is seen, of course, during and immediately after the hemorrhages. but recovery is 


RRSTEY nC 


nearly always prompt, once the bleeding has ceased. 

The principal sign of the disease is the delayed clotting of the blood with the 
frequent and prolonged hemorrhages. The clotting time may range anywhere 
from normal limits up to several hours and varies at different periods as dis- 
cussed in a previous paragraph. One expression of this delayed clotting is the 
prolonged prothrombin time, as described by Howell'* and verified by numerous 
, other investigators.” '* 7°: 7! The bleeding time is normal, as are also the cellular 
elements and platelets of the blood. 

Course of the Disease—Manifesting itself rarely before the second year of 





life, the bleeding tendency is most severe through early childhood, usually be- 
coming less troublesome toward the beginning of adolescence. By early adult 


. Ml life it often becomes quite dormant or disappears almost entirely. In a few 
; : cases it persists in severe form throughout life. In no patient does the disease 
maintain the same severity at all times. All hemophilic patients have periods 
1 when their bleeding tendency is lessened or gone completely. But these periods 


may suddenly change over into ones of great severity. These periods of varying 
7 | intensity usually cover weeks or months. Very often in the time of betterment 


‘ the patient will seek dental or surgical aid without acquainting the dentist or 
. surgeon of his disease, and find himself suddenly in the severe phase of hemo- 
f philia coincident with the operative procedure. Great caution must therefore 
r be used in carrying out any operative procedures on patients with a positive 

personal history of hemophilia, no matter how little trouble they have had in re- 
o cent months, nor how normal the blood coagulability has recently been. 


Complications.—Dental caries and root infections, together with the aecom- 
panying gingivitis, form the most common complications of hemophilia. They 
should be classed as complications because they usually result from neglect of 
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e the teeth and gums through fear of hemorrhage. A mild degree of malnutri- 
h tion is usually present, whether from the abnormal life led by the person, from 
rs oral infection, or from the repeated hemorrhages, is difficult to say. Chronic 
™ joint changes, resulting from repeated bleeding into the joints and the presence 
1e of a low grade infection, usually end in hypertrophic arthritis and varying 
1. degrees of limitation of motion. 

1e Diagnosis.—Diagnosis of hemophilia rests mainly on three points: (a) posi- 
1e tive family history as given earlier in this article, (b) personal history of re- 
PS peated hemorrhages beginning in early childhood, and (c) a prolonged clotting 


time of the blood. In many eases the family history is negative or lacking and 
diagnosis is made on the other two points. The personal history of repeated 
hemorrhages is so important in the diagnosis with patients past early childhood 
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es ' that one should hesitate to class as hemophilie a patient with an initial severe 
| hemorrhage without going into a careful study of the blood coagulability. When 

e- 4 presented with an initial hemorrhage in early childhood, however, diagnosis 


e- must often rest entirely on studies of the blood coagulability. In such a ease the 
determination of the clotting time is important. Many methods are available 
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for this purpose, the simplest of which are probably the test tube and the capil- 
lary tube methods. <A description of the technic of the latter method, together 
with its factors of error and the normal fluctuation of the clotting time will 
be found in an article by Mills and Peterson.*? A marked delay in the clotting 
time of the blood, but with the eventual formation of a clot which contracts 
normally, and the presence of normal bleeding time and normal number of blood 
platelets would favor the diagnosis of hemophilia. 

Differentiation from other hemorrhagic conditions is of course necessary. 
The question is most often raised in cases of purpuric hemorrhages, especially the 
repeated, severe, and protracted hemorrhages of essential thrombocytopenic 
purpura. Differentiation here depends on the presence in purpura of a normal 
or slightly prolonged clotting time, an abnormally long bleeding time, a marked 
reduction in the number of blood platelets and the production of a nonretractile 
clot. Accurate diagnosis is especially important in those cases of essential 
purpura in which splenectomy is being considered, since a mistake might well 
mean a fatal outcome. Acute leucemia in childhood is sometimes accompanied 
by hemorrhages which require differentiation from those of hemophilia, but here 
again the picture and diagnostic points are much the same as those for purpura. 
Severe hemorrhages associated with obstructive jaundice and due to the high 
bile salt content of the blood, need scarcely be confused with hemophilia. Bleed- 
ing of the newborn is often wrongly diagnosed as hemophilia, although such 
a mistake is easily avoided. This disease, while very similar to hemophilia in 
the type of bleeding seen, comes on only during the first week of life, while hemo- 
philia very rarely manifests itself before the second year. There exists no 
known relationship between these two hemorrhagic diseases. Hemolytic strepto- 
coecie infections, particularly in the sockets of extracted teeth, may lead to such 
prolonged bleeding as to raise the question of hemophilia. None of the typical 
diagnostic points are to be found, however, and differentiation should be easy. 
Prolonged malnutrition in children at times brings on a bleeding tendency, but 
it is usually more of the purpurie type. 

Prognosis.—The outlook for the hemophilie child in past decades was dis- 
tinetly unfavorable. The mortality from hemorrhage was high during the years 
of childhood, while the nutritional state and physical development were 
usually retarded by the abnormal life of constant care and fear of hemorrhage. 
Later in life the repeated joint hemorrhages and low grade infection left these 
unfortunate persons with such deformities and limitation of motion that most 
of them remained semi-invalids for life. Only too frequently the betterment of 
bleeding tendency that came with adolescence and adult life was more than 
counterbalanced by the increase in joint distress from the more active life. In 
a great many eases, fortunately, the disease can be expected to decline in 
severity from the beginning of adolescence onward, so that its handicaps may 
eventually be outgrown, except for the joint involvements. 

In more recent years the prognosis has assumed a much more hopeful char- 
acter. Several new methods of treatment have robbed the hemorrhages of much 
of their danger, while better knowledge of nutrition and of its importance in 
this disease has made possible a more normal childhood development. In fact, 
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if the plan of treatment as outlined below is followed consistently, hemophilia 
should cease to be such a dreaded disease and such a scourge to its victims. 

Treatment.—The treatment of hemophilia is to be divided into two parts: 
(1) the handling of the immediate hemorrhage and (2) prophylactic measures 
for lessening the future hazards of the disease. In the treatment of the immediate 
hemorrhage too much emphasis cannot be laid on one important point, no time 
should be lost in applying the most effective means of hemostasis at hand. Only 
too frequently it happens that littie attention is paid to the slow blood loss from 
these patients for the first two or three days, the hope being that it will stop 
spontaneously. Due to the fact that prolonged blood loss often results in a 
hemorrhagic phase associated with the anemia and reduction in concentration of 
the blood clotting constituents, it is very important that prompt and energetic 
measures be instituted early in hemophilic hemorrhages. The first two days 
offer the greatest chance of prompt stoppage of the bleeding. Beyond this 
period great difficulty may be encountered and repeated blood transfusions 
required. 

In handling a hemophilic hemorrhage the first step is, of course, the applica- 
tion of physical means of compression (packing, bandaging, surgical ligations, 
ete.’ to slow the blood loss as much as possible, but at the same time instituting 
those forms of treatment best adapted to increase the coagulability of the blood. 
Many hemostatic and coagulant preparations have been marketed for this 
purpose, a few of which are sometimes effective. In general, those preparations 
depending only on cephalin for their effectiveness are not of much value in 
hemophilia, while those containing tissue fibrinogen, such as the lung, brain, or 
other tissue extracts, are more useful, either when given orally or sub- 
cutaneously. I personally favor the purified tissue fibrinogen rather than any 
of the erude tissue extracts. If administered orally, tissue fibrinogen should be 
given in 3 to 5 ¢.e. doses (of a 1.5 per cent solution) in cold water on an empty 
stomach, preferably one-half hour before meals and at midnight. This is neces- 
sary in order to approximate a continuous effect. Subeutaneously 1 to 2 ee. 
doses should be given every eight hours for a continuous effect. In the beginning 
it is well to give the injections every two hours for four injections, before going 
to the eight-hour schedule. This gives a maximum effect in a minimum time. 
Administration of the coagulant should be continued for at least twenty-four 
hours after the bleeding has ceased. These same principles of administration 
would hold for any of the biologie coagulants in common use. 

Other procedures also to be instituted at once include the administration of 
a high protein diet, as will be discussed later, the induction of a local skin protein 
reaction, provided the patient has been previously sensitized, and the subeu- 
taneous injection of 0.1 to 0.3 ¢.c. of adrenalin solution every four hours except 
in eases where the bleeding is arterial. In case a local skin protein reaction can 
he elicited, this is usually sufficient to stop the bleeding, without the use of tis- 
sue fibrinogen or adrenalin. In every other case, however, all the other pro- 
cedures previously mentioned should be used promptly and in conjunction, so 
as to avoid the greater difficulties that come with the prolonged blood loss. 

In ease the patient is seen for the first time only after he has been bleeding 
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for a number of days, then the procedure already mentioned should be begun at 
once, but with less hope of benefit. In this case one should prepare for blood 
transfusion as soon as possible. Repeated transfusions are often necessary at 
this stage, and should be used always in conjunction with the other procedures 
previously mentioned. One caution should be kept in mind, however. Trans- 
fusion should not be performed on a patient within eight hours after a previous 
dose of tissue fibrinogen, since this coagulant tends to intensify the transfusion 
reactions that sometimes occur. Tissue fibrinogen may be administered with 
safety, however, within an hour after the transfusion. It seems to make little 
difference whether the direct or the citrate method be used in performing the 
transfusion. This procedure, which is often a life-saving measure in the pro- 
longed hemorrhages of hemophilia, is not justified during the first two days 
of bleeding. Other treatment is usually effective during this early stage and 
is more economical. It is always advisable to keep transfusion as a reserve 
measure as long as possible, since the patient so often considers his condition 
more critical when he learns that the physician is planning to resort to 
transfusion. 

Treatment of hemophilic patients in a prophylactic way involves several sep- 
arate procedures which are here detailed. 

1. Sensitization to a foreign protein offers such an immediately effective 
means of treating hemorrhages when they occur, and of preventing their oceur- 
rence, that I give it first place in prophylaxis. Vines** discovered this method, 
and its effectiveness in increasing the coagulability of hemophilic blood has since 
been verified by the writer'® and others.® *+ *° It is effective in such a large per- 
centage of hemophiliaes that no physician handling these patients is justified in 
failure to make proper use of it. The technic is as follows: The patient is 
sensitized to some foreign protein by intramuscular injection, I prefer sheep or 
hen serum, since they have practically no other therapeutic use. Three or four 
cubic centimeters of the serum are injected intramuscularly after making certain 
that the patient is not already sensitive to a drop administered intradermally. 
After the expiration of two weeks, intradermal injection of a drop of the serum 
is again made. The formation of the usual urticarial wheal denotes proper 
sensitivity, and studies of the blood coagulability before and after the induction 
of the local reaction will show a marked improvement. Not only is the clotting 
time much shortened, but one now finds the prothrombin to be much more 
nearly normal in its reactions, especially toward cephalin.*® Should the clotting 
time not shorten sufficiently after the first skin reaction, one may repeat the 
intracutaneous injection for several successive weeks in different skin areas. Re- 
peated local reactions do not tend to reduce the general sensitivity which usually 
lasts for a year or more and which may be subsequently renewed, using the same 
or a different protein. The production of a generalized systemic protein reaction 
is to be carefully avoided, since its effect is to produce a temporary hemorrhagic 
state which might prove disastrous to the hemophilic patient. Care should 
therefore be taken to make sure that the patient is not already sensitive to th 
serum to be injected intramuscularly. Likewise, it would be unfortunate if in- 
tended intradermal injections should be given subcutaneously instead. By 
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keeping all one’s hemophilie patients sensitive to some foreign protein, at least 
during the time in life when their disease is most troublesome, one always has 
at hand an immediately effective method of treating hemorrhages as they oc- 
cur. And if one desires to use the method for the prevention of bleeding, one 
needs only to induce the skin reactions as often as is indicated by observations of 
the blood coagulability. 

2. The use of high protein diet is an important adjunct in prophylaxis as 
well as in treatment of the hemorrhages. It is definitely established that the ab- 
sorption of protein food from the intestine is accompanied by an increased coagu- 
lability of the blood, so that the clotting time is usually shortened by 30 to 40 per 
cent for one to four hours after each meal containing protein.*® 77 Use has been 
made of this fact in the treatment of hemorrhagic states with considerable 
success.** *° It involves the administration of a moderate amount of protein in 
some form at each meal and the drinking of milk, cocoa, or egg nog between 
meals and at least once during the night. In this way the protein effect on blood 
coagulability is continuous and tends to be cumulative. A high carbohydrate, 
low protein diet has just the reverse effect on the blood and should be avoided in 
hemophilia. There are practically no contraindications to this diet in hemo- 
philia, so that use should always be made of it for prophylaxis or treatment of 
hemorrhages. Should it give rise to too much intestinal putrefaction, relief can 
at once be obtained from the use of the following prescription: 

Kaolin vi 
Aq. dest. iv 
Syr. Tolu. gq. s. ad xii 
M. Sig.: One-half ounce each evening for adults. 
One drachm each evening for children. 


3. Theelin, the follicular hormone now on the market, has been found by 
Birch’ to be very effective in hemophilia. Wiedemer, in Cincinnati, has had oe- 
casion recently to verify the findings of Birch in this regard. The technic she 
has found most effective in adolescent patients consists in subcutaneous injections 
of 1 «.c. of theelin (Parke, Davis & Company) every second or third day. With- 
in two or three weeks the clotting time usually has approached close to normal 
and can be kept there by two injections a week. Daily injections seem to be too 
frequent, as the clotting time tends to rise. In like manner weekly intervals 
are too long. There is no permanency to the effects, since the clotting time 
promptly begins to mount once they are discontinued. Coincident with the 
disappearance of the bleeding tendency under theelin, there usually oceurs an 
improvement in nutrition with a gain in body weight. It is obvious that this 
treatment is not applicable for the arrest of an existing hemorrhage, on account 
of the long latent period. Its main usefulness will be found in the preparation 
of these patients for tooth extraction or minor surgical procedures and for use 
when a patient appears to be entering a hemorrhagie period. Its usefulness may, 
of course, be considerably increased as our knowledge of it grows with 
experience. 

4. Improvement in the nutritional state of hemophilie patients is one step 
that should always receive careful consideration in outlining a plan of treatment. 
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Proper diet should be provided, keeping in mind the protein effect. 
tention should be given to the vitamin content of the diet, particularly the 


vitamin B content (old nomenclature). A good adjunct for this purpose is the 


use of purified wheat hearts, such as may be obtained very cheaply from most 
Such a product may easily be incorporated in the prepara- 
It is pleasant to use and 

There are much more 


milling companies. 
tion of pancakes, bread, cooked breakfast cereals, ete. 
provides an economical supply of important vitamins. 
expensive preparations on the market which one may use for this same purpose, 
if it is desired. Further stimulation of the metabolism by ultraviolet light or 
heliotherapy is helpful at times during the winter and spring months. 
effort should be directed mainly toward securing as nearly normal physical 
development in these children as is possible. As their nutritional state improves, 
so also does their bleeding tendency, in most instances. 

5. Removal of foci of infections should receive careful attention for two 
reasons: first, because it will greatly aid in the desired nutritional improvement, 
and second, on account of its relation to the chronie arthritis so frequently pres- 
Carious teeth and infected roots form the greatest danger 
The fear of hemorrhage so often prevents these patients seeking 
or receiving proper dental care, with the result that advanced stages of infection 
It is altogether likely that it is these foci of in- 
fection, seeding into the hemorrhagic joints time after time, that prevent proper 
recovery following each joint hemorrhage and eventually lead to the bad de- 
With our present methods of preparing these patients 
for dental work, little difficulty should be encountered in eradicating foci of 
Infected sinuses should likewise receive proper at- 
tention, although surgical operations on the sinuses or tonsils should still be 
undertaken with a great deal of caution, no matter how well prepared the patient 
Restoration of joint function becomes an orthopedic problem only 


ent in these patients. 
in this regard. 


and decay are usually present. 


formities so often seen. 


infection from the mouth. 








may appear. 


after all evident foci of infection have been removed and the patient’s blood 
coagulability brought as near to normal as is possible by the previously described 


means, 


operative procedures are contemplated. 
little dread of hemophilia if the treatment measures given here are properly 
Since the best of them are of very recent application, more experience 
will be necessary before one can be certain just how completely these patients 
can be prepared for the surgical emergencies that at times arise. 


used. 
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One should bear in mind that the prophylactic measures outlined here do not 
conflict with one another, and may well be used in conjunction, especially if any 
As previously stated, one need have 
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VARIATIONS IN THE DIAMETER OF THE GRANULOCYTES* 











A PRELIMINARY STUDY 








J. W. Love, M.D., CLEVELAND, OHIO 
INCE the epochal discovery by Ehrlich’ that blood smears could be stained 

with the analine dyes, and the modification of these stains by Jenner,’ Pap- 
penheim,* Romanowsky,‘ Giemsa,® and Wright,® increasing interest in the stained 
elements of the blood has been shown. From the pioneer work of these men 
there has come an increasing accuracy in the field of clinical hematology. 

The object of the present study was to determine the diameter of the gran- 
ular elements of the blood, and the normal distribution curve, to establish the 
mean average diameter of these cells as seen in stained smears, to note the varia- 
tions from normal, and finally to see if any clinical application or correlation 
could be made of these conclusions. 

Credit for the discovery of the white cell is generally given to the English ; 
physiologist, Hewson,’ whose published work appeared in 1771. Little note was 
taken of these cells, however, until Schultze* in 1865 studied warm-stage prepara- . 
tions, differentiated the various types of white cells and gave us the first accurate ‘ 
measurements of them. It was about fifteen years later that Ehrlich added 
immeasureably to the vista of hematology by the use of analine dye stains for 
the study of blood films. 

In all the work reported in this paper smears were made upon cover slips 
and stained with the familiar Wright’s stain plus a buffer made of sodium and 
potassium phosphates as initiated by McJunkin. The cover slips were mounted 
on slides with gum damar and the actual measurements were made by using 
a filar micrometer eyepiece. The calibration with the microscope drawtube at 
160 mm., 1/12 mm. Zeiss lens oil immersion objective, was so standardized that 
11 drum divisions measured one micron, that is, each drum division was equiva- 
lent to one-eleventh of a micron. Only those cells were measured which were en- 
tirely round, halo free, and had assumed the familiar ‘‘vounded-up’’ appearance 
in the film; those cells the outline of which was oval or otherwise distorted or 
deformed were particularly avoided as were the edges of the smear where mal- 
formations of the leucocyte are so often discovered. 

Many authors give various figures for the size of the granulocyte (see 
Table I). Wright® in Nelson’s Medicine gives 9 to 12 microns as the size of the 
polymorphonuelear granulocyte, no figure for the eosinophile, and 8 to 10 
microns for the size of the basophilic cell. Jordan’? says that the neutrophiles 
‘range in size from 7.5 » to 10 » in diameter’’ and that the eosinophiles and 
basophiles are ‘‘slightly smaller.’’ Maximow," Bailey,’* Halliburton,!* and 
others give various other figures. None of these authors give any method for 
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arriving at these conclusions or quote any references concerning them. Valuable 
references are to be found, however in Bunting’s" article in Cowdry’s Special 
Cytology, Hoeber, 1928. Bunting states, ‘‘The range of variation in diameter 
(of neutrophiles) given by Schultze and commonly accepted is from 9 to 12 p.”’ 


TABLE I 
S1zE OF GRANULOCYTES AS REPORTED BY VARIOUS AUTHORS 











AUTHOR NEUTROPHILES EOSINOPHILES BASOPHILES 
Bailey 8-12 » 12-14 p 8-10 pu 
Barker 9-12 pw sl larger 8-10 uw 
Bunting 9-12 p 10-12 yw 8-10 pw 
Cummer 9-12 » sl larger 8-10 yu 
Halliburton 9-12 12-15 p 10 uw 

Jordan 7.5-10 yu sl smaller sl smaller 
Maximow 10-12 yu 12 pu 10 u 
Ordway and Gorham Pie 3&8 eaeeer $j. ||| idwers 
Wright S18 np  — evsecs 10 uw 





The present study has for its basis the measurement of the diameters of 
one hundred or more polymorphonuclear granulocytes in each of fifteen normal 
individuals, this number being chosen in order to insure measurement of a suffi- 
cient number to establish a normal. Of these fifteen normals eight were men 
and seven were women. These individuals were unselected except for general 
good health and no account was taken of age, size, or body weight. Naturally 
the figures obtained apply only in this climate. 

It was found that there is no distinet difference in diameter of cells ac- 
cording to sex. The average diameter of the polymorphonuclear granulocytes 
for the series was 13.3 ». None of the normals had a leucocytosis or a leucopenia. 
The diameter of many of the cells found was greater or less than the average 
diameter of 13.1 », but in series they remain remarkably close to this figure and 
it may be taken as a constant. The smallest polymorphonuclear cells were 8.8 y 
and 9.1 » in diameter but only one specimen of each of these was found; cor- 
respondingly, cells of 15 » in diameter occurred several times but were distinetly 
rare in smears of normal blood. 

The absolute spread-of these cells, therefore, is from 8.8 » to 15.8 », but these 
figures are outside the usual limits found and the great majority show little 
variation. In typical distribution curves the cell diameters range from 11.2 » to 
15.0 » and these latter figures are used in the construction of distribution curves 
to represent the normal variations in diameter (see Chart 1). 

The diameter of the normal eosinophile in stained cover slip preparations 
taken from a somewhat larger group of normals in order to count one hundred 
such cells, was found to be 14.3 ». This is the average diameter of 100 normal 
eosinophiles and no smear of an eosinophilia was included. The size of the 
normal basophile is based upon the measurement of 25 normal specimens of this 
cell and was found to be 13.2 » for adults of the series. The range in diameters 
for the eosinophile was from 12.2 » to 16.7 »; for the basophile 10.9 p» to 
14.6 p. 
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It was thought advisable to give a figure for the diameter of the normal non- 
filamentous polymorphonueclear cell, since this has been the subject of recent 
studies and to see that it did not vary consistently from the size of other poly- 
morphonuelear cells. The average diameter of 100 such cells selected at random 
from normals was found to be 13.0 u. 

The normal diameters for leucocytes of this series therefore are as follows: 
polymorphonuclear granulocytes 13.1 «; eosinophiles 14.3 yw, and basophiles 
13.2 »; these are accepted as constants in order to compare with the diameters of 
the cells measured in the abnormal conditions to follow. 

The first of these conditions in which the diameter of the granulocyte was 
measured was leucocytosis. Five cases were chosen at random. They represent 
some of the ordinary conditions in which we have come to expect an elevation of 
the leucocytes to occur and represent leucocytosis in varying degrees ranging 
from a moderate elevation of 9,700 to that of a rather severe degree, 45.000 white 
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Chart 1. 


cells. In these conditions the polymorphonuclear cell was present in predomi- 
nance, 82 per cent to 96 per cent (Table IT). 


TABLE IT 
DIAMETER OF POLYMORPHONUCLEAR GRANULOCYTES IN LEUCOCYTOSIS 











CASE DIAGNOSIS LEUCOCYTOSIS DIAMETER 
1 Infectious arthritis 17,000 13.5 uw 
2 Sinusitis 20,000 13.1 w 
3 Pyelitis 25,000 13.1 uv 
4 Bronchopneumonia 33,000 13.0 uw 
5 Lobar pneumonia 45,000 12.8 uw 





The average diameter of the polymorphonuclear cell in these conditions is 
13.0 » which is so close to the normal figure as to be without significance. One 
would believe, therefore, that stimulation of the bone marrow in the customary 
degree causes no appreciable change in the diameter of the granulocytes no mat- 
ter how rapidly they are added to the blood stream. 

The second abnormal condition to be investigated was leucopenia. In one 
ease in which the total white count was 2,300 cells resulting from multiple 
abscess formation, the average white cell diameter was nearly normal, 12.7 up. 
Three cases of malaria in which the total counts were 1,600, 1,700, and 2,300 
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white blood cells respectively had average cell diameters considerably below the 
normal figure, the first being 11.6 », the second 11.5 », and the third 11.3 p. A 
ease in which the total white cell count was 500 was seen in a condition which re- 
sembled malignant neutropenia, but too few cells were observed to make proper 
measurements and no other suitable ease has been seen. Although further work 
must be done on the group of leucopenias, nevertheless, one might justifiably 
reach the conclusion that depression of the bone marrow results in the production 
of a granulocyte of somewhat smaller diameter than normal, especially as seen 
in malaria. The leucopenia accompanying pernicious anemia will be considered 
Jater. 

The third abnormal condition to be studied was polycythemia vera. Re- 
cently some interesting work has been done by Cross!’ on the white cells in this 
condition. The diameter of the white cells was measured in three cases at. this 
Clinic. All these cases showed an increase in red blood corpuscles and hemo- 
globin, and an increased blood volume was found by actual measurement. The 
average diameter of the polymorphonuclear white cells was found to be 13.1 yp, 
nor did it vary from this although the number of white cells ranged between 
8,500 and 20,900. No ease in which a marked leucopenia was present was at 
hand for study. 

Fourth, the white cell diameter in the condition which is commonly desig- 
nated simple achlorhydric anemia was investigated. In studies in five typical 
cases no significant change from the normal was noted. This result might have 
been predicted inasmuch as the pathologic physiology in this condition seems to 
concern hemoglobin anabolism rather than bone marrow deficiency. 

Fifth, in addition to the three cases of polyeythemia vera showing varia- 
tion in the diameter of the red blood corpuscles, one case of hepatic disease was 
seen which showed a marked megalocytosis and the diameter of the white blood 
cells was accordingly measured. Here again, however, no change from the ay- 
erage diameter of 13.1 » was found. 

Hence, it may be seen that the diameter of the white blood cells is a very 
stable measurement and in practically all the above pathologie conditions, with 
the exception of malarial leucopenia, no change in diameter could be found. It 
might be added at this point that the number of lobules of the nucleus seems to 
bear no relation to the diameter of the cells in any of the measurements 
encountered. 

Sixth, eases of pernicious anemia were studied both before and after treat- 
ment with a view to establishing whether the variations in size which the red 
blood cells are known to undergo might be paralleled in the white blood cells. 
Routine measurements were made in the case of patients as they presented 
themselves at the Clinic. They were all suffering from various grades of anemia 
and all showed some depression of their hemopoietic activities, hence all the 
measurements in the beginning were actually made on leucopenias. The white 
blood eell count ranged from a total of 1,600 cells up to 2,500 cells. In ten 
typical cases it was found that the diameter of the polymorphonuclear granu- 
loeyte was markedly increased, 14.0 ». This increase is striking in some cases 
as individual cells of 17.5 » to 18.0 » in diameter were not uncommonly observed. 
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There are, however, cells of greatly diminished diameter, as of 8.5 » to 9.0 p. 
Thus the spread of white blood cells in pernicious anemia is quite wide (broad 
base to the distribution curve) ranging from 8.5 » to 18.0 ». These variations 
are shown graphically in Chart 1. 

Five cases of pernicious anemia were studied both before and after the red 
blood cell count and hemoglobin had risen from quite a low figure to approxi- 


TABLE III 
AVERAGE DIAMETER OF WHITE BLoop CELLS IN PERNICIOUS ANEMIA 








BEFORE TREATMENT AFTER TREATMENT 





14.3 w 13.1 p 
13.8 Mh 13.1 Mh 
14.2 p 13.4 p 
14.0 w 12.8 
14.0 w 13.3 p 


Averages 14.0 u 13.1 uw 
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mately normal (Table III). The white cells were found to be large at first, av- 
eraging 14.0 » in diameter but returned to their normal figure when improve- 
ment had oceurred. This condition of the white cells has been discovered only 
in true Addisonian anemia and not in any other type of disease so far en- 
countered. Although this increase in the diameter of white cells, megalopoly- 
eytosis, does not seem great, it is present in all the cases studied and will per- 
haps constitute another factor in enabling us to understand this malady and 
perhaps throw some light upon what occurs in a remission. This change from 
abnormal (increased) diameter to normal is shown graphically in one ease in 
Chart 2. 
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SUMMARY AND CONCLUSIONS 


Measurement of the diameter of white blood cells in stained blood films in 
the ease of fifteen normal adults shows the mean average diameter of the cells 
to be 13.1 » for polymorphonuelears, 14.3 » for eosinophiles, and 13.2 » for 
basophiles. These figures are well above the commonly quoted normals which 
seem to be based upon the work done by Schultze in 1865. For comparative 
studies on changing white cell diameters these figures may be considered as 
constants. 

The variation in diameter (spread) of the normal polymorphonuclear 
granulocyte is within the limits of from 11.6 » to 14.6 » usually. Contrary to 
this, pernicious anemia is accompanied by a granulocyte of larger diameter 
than normal and the spread in distribution curves of untreated cases is greatly 
increased, ranging from 8.5 » to 18.0 » for polymorphonuclear cells. During 
a remission these cells return to their normal diameter. 

Significant variations from the normal white cell diameter occur only in 
certain abnormal blood states and no change is found in the ordinary leucoeytosis 


or leucopenia. 
Variations of rather marked degree do occur, however, when there is 
marked depression of the bone marrow as in the leucopenia accompanying 


malaria and pernicious anemia. 
No explanation for these phenomena is offered at this time. 
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EDITORIAL 


The March of Hematology 

L oe HUNTER’ in his Treatise on the Blood, remarked that the early observ- 

ers of the blood cells ‘‘probably imagined more than they saw.’’ Hunter’s 
book testifies as to the seant knowledge of the blood in his time, since his diseus- 
sions centered largely around the coagulation, the buffy coat, the cause of the 
difference in color of venous and arterial blood and similar topies. The develop- 
ment of hematology as we now know it began in the middle of the nineteenth 
century when Vierordt,? in 1851, first enumerated the erythrocytes and thus 
stimulated work in blood counting. The original crude and laborious methods 
were rapidly improved so that the counting of cells soon became a clinical 
procedure. Malassez’* monograph on the enumeration of the red cells appeared 
in 1873. The counting chamber devised by Gowers‘ in 1877, remained the 
standard until recent years. 

Hemoglobin was discovered and isolated in erystalline form by Funke’ in 
1851, and Welcher® in 1854 made the first clinical estimation of hemoglobin by 
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comparing a fixed dilution of the unknown blood with dilutions of normal blood. 
Interest in hemoglobin was widespread and quite complete analyses of hemo- 
globin erystals soon were made. Accurate knowledge of hemoglobin is due 
largely to the early work of Hoppe-Seyler? who showed that hemoglobin com- 
bines with oxygen in the lungs to form oxyhemoglobin which in turn gives 
up the oxygen in the tissues again to form hemoglobin. He thus identified the 
fundamental importance of the blood pigments in tissue metabolism. Preyer’s® 
monograph on the blood pigments appeared in 1871. The first monograph on 
clinical hemoglobinometry by Leichtenstern® was published in 1878 and a num- 
ber of hemoglobinometers were suggested before 1880. 

With the development of accurate methods for the counting of the blood 
cells and the determination of hemoglobin, clinical applications were made 
quickly. In 1864, Welcher,’® a student of Vierordt’s, wrote a very comprehensive 
article on the ‘‘size, the number, the volume, the surface, and the color of the 
blood corpuscles of man and animals.’’ The first clinical hematology by Hayem"™ 
appeared in 1878. Soon afterwards, (1883) Laache’s'* classic monograph on 
anemia was published. The names of Vierordt, Welcher, Hoppe-Seyler, Malassez, 
Hayem, and Gowers are closely identified with the discovery of the funda- 
mentals of hematology. 

The next important development was the introduction of Ehrlich’s'* method 
for staining blood film with analin dyes.'* This opened an entirely new field 
for investigation of the blood and made possible the morphologic study of the 
different types of cells. The final chapter in the development of fundamental 
methods for blood study was Hedin’s'* suggestion concerning the use of centrif- 
ugal force to separate cells and plasma in the hematocrit. 

Since then, many new refinements in blood study have been and still are 
being added. We now constantly use reticulocyte counts, determine the bile 
pigments, utilize knowledge concerning the embryology of the blood, measure 
cells, differentiate cells by supravital, oxidase and many other stains, and employ 
numerous procedures almost routinely in the study of blood. Any known blood 
dyserasia ean be most carefully investigated from the laboratory standpoint, if 
one but uses the measures now available. 

In no field of medicine today is more intensive investigation being made or 
is more rapid progress resulting than in the acquisition of new knowledge con- 
cerning normal and pathologic conditions of the blood. The medical journals 
contain many articles on every phase of the subject and many papers are con- 
tributed to the programs of the various societies. This added interest is due 
in large measure to improvements in methods of treatment of the anemias and 
of other blood diseases for which credit is due largely to Whipple and to Minot 
and Murphy. Much remains to be done. The leucemias and some other blood 
dyserasias continue a challenge in regard to treatment. Every worker in this 
important field, however, can well be proud of the march of hematology. 
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CORRESPONDENCE 


Dear Sir: 

In my paper on Bacteriophage in Clinical Medicine which appeared in the April number 
of the Journal of Laboratory and Clinical Medicine, I made the following statement: 

‘“The early experiments of d’Herelle with fowl typhoid were not sufficiently extensive 
to be conclusive. His later work with barbone in buffaloes was apparently satisfactory al- 
though Cowles and Hale make the statement that in a personal communication d’Herelle 
claims the opposite.’’ 

This statement is misleading since the work to which Cowles and Hale referred con- 
cerned therapeutic application, the results of which had not been published owing’ to the 
small number of animals concerned. The work which d’Herelle reported concerned immuniza- 
tion of buffaloes and it has been amply confirmed by LeLouet. Hence, there has been no 
change in the published papers of d’Herelle on this subject as was implied in my statement. 

I would greatly appreciate it if you could find space for this correction in a fortheom- 
ing number of the Journal, also for the statement of my regret that there should have been a 


misunderstanding on my part of the statement of Cowles and Hale. 
(Signed) N. W. Larkum 











